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FOREWORD 


Dr Traquair has honoured me by asking me to ^ritc a brief appreciation of 
pcnmctr\ from the standpoint of neurologist and neuro surgeon by w ay of a foreword to 
this volume With these terms of reference it would be out of order for me to laud the 
author and Ins i\ork as I would in other circumstances The \oIume phees at the 
disposal of the medical profession an ermnenti} practical guide to the technique of 
penmetr}, rendering its practice attainable to all who will appi) tlicinsel^cs to it It 
lays before us m graphic form the author’s rich store of personal obsor\atious carefully 
selected and condensed It gives us the benefit of his npe experience of interpretation 
and evaluation of pathological alterations of the visual fields The author’s status in 
the development of scientific and practical penmetr) requires no comment bj me 

It had long been recognised among neurologists that lesions of the brain might cause 
changes in the fields of vision and that the latter were of diagnostic value Among 
neurologists, Cushing appears to have been the first to appreciate full) the value of and 
to insist upon routine quantitativ c penmetry in the clinical inv estigation of bram lesions 
CJushing and Walker’s contributions to vasual field changes associated with brain tumour 
are recognised classics This valuable material vras gathered routine perimctrj of 
all cases of suspected bram lesions 

As I am fortunate to bo a pupil both of Traquair and of Cushing my appreciation 
of the value of perimetry wall hardly be doubted ' 

The autlior of this volume lias often remarked in the investigation of bram disease 
that the function of vision is equallj deserving of stud) as are those of motion and 
sensation He has drawai attention to the wide extent of the intracraiml \ isanl pathwaj s 
and their consequent Imbilitj to involvement in manj cases of intracranial disease He 
has demonstrated that in quantitative penmetry wo have a relntivelv exact method of 
examination which compares favourablj with the means at our disposal for the mvesti 
gallon of the other senses and of motor mtcllcctual and psychic functions He teaches 
that the penmetne finding is but one of the many data to be ascertained and evaluated 
in composing a comprehensive picture of the undcrl} ing disease process In practice I 
find these conceptions so important to the practical diagnosis of brain disease, the proper 
direction of brain surgery, and tlic adequate as'iessment and control of the results of 
treatment, that perimctrv is a daily routine in the neuro surgical department 

It IS obvious that such means of examination ns arc gcnemlly useful to him must 
become an integral part of the neurologist’s routine of investigation Methods of 
examination, which, when first introduced, are regarded as “ speciaf examinations," are 
ultimately absorbed into ordinarv clinical practice The ophthalmoscope is a great 
gift from oplitlnlmologv to neurology At first an instnmirnt peculiar to the oculist, it 
is now familiar to the neurologist The perimeter is, I bcliev e, an cv cn greater gift from 
the sister science to neurology Uthough it was oITerctl earlier than the ophthalmoscope 
yet neurologists m general liave been imgratcfullv slow in accepting it If lie who 
projioses to diagnose diseases of the bram is not as familiar wath the perimeter and screen 
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ai)() with the intcrprctitjon of pitholopcal clianges in the field? of Msion ns he is with 
the fundus oculi liis equipment is scnousl} incomplete 

In clinical neurologic il practice it is inconvenient and impractical to call in tlie 
ophthalmologic specialist for the dail} routine cvamination of the fields of vision which 
the adequate stu(h of brain functions requires Such a method can onh lead to omission 
of perimctrv where it would prove of Mtnl importance Lverv neurologist therefore, 
will he espccialh grateful for this helpful volume Although the neurologist should 
conduct his own routine perimctrv , v ct occasion will froqucntl) arise for him to sock the 
aid of his ophthalmologic colleague The oculists knowledge of the field chances 
associated w ith primarv ocular and optic nerv e diseases must alw av s surp iss that of the 
neurologist llis aid in the differential diagnosis of simulating nervous di‘*eascs will be 
required Rcciprocallv the oculist secl^ the aid of neurologist or neuro surgeon m the 
cases of jiaticnts with intracranial lesions who often consult Imn primarily hj reason of 
their ocular svnnptoins The practice and knowlevlge of pcrimetrj should be common 
ground to both hnnclies of ine<?icine 

As set forth in detail in tins v olunic it will be appreciated tint the site and form of a 
defect in the field of v ision funinh clear c\ idciicc of tlie fibres inv olv ed ns considered in a 
cross section of the visual pathway These factors also furnish exact or approximate 
evidence of the lev cl of the lesion as considered in relation to the longitudin il dimensions 
of the visual pathwav The character of the defect its slnrp or diffuse margin and lU 
beliaMOiu' as ascertained b) rejicatcd cxainmations reflect the nature of tlio jnthologic 
process in relation to its fixitj , progression or retrogression 1 he direction of its extension 
as from above or below tlie visual pathwav, nm nI«o be nseertamed It is evident that 
information of this order is of the utmost importance to adequate dagnosis and proper 
direction of treatment The pcninctnc infomintion is to be dulv aligned with other 
clinical facts the historv of svmptoms the presenro or nh'scnce of other evidences of 
ccrchral or spinal derangement, the presence or absence of signs of vascular or metabolic 
disease w ith the age of tlio patient etc The time factor in relation to field clianges is also 
inijfortnnt The al nij)t development of n gross sectoiaJ field defect in one eve, os.so 
ciatcd with anlcma and engorgement of the nerve held suggests a vascular lesion of tlic 
optic nerve Ihc rijnd development of an extensive ccntnl scotoma in the field of one 
or both eves associated with a?<Icma of the nerve head suggests an mfiam/mton focii'^ 
in the optic nerv e vi Inch iiiav accompanv , preccilc or follow iciite disseminated cncephnlo 
mvchtis W 1 on p ipillcrtlemajircceilcsthcdcvclopmcnt of a umlatcrd or Icssfrcqiiciitlv 
a hilitcral central scotoma the most prohnhlc cause is increased iritncniiial pressure 
with the later advent of direct mtncramal compression of the optic nerve b\ frontal 
tumour or even bv a distended thirxl ventricle 

It IS well to remember that a deftet m the field of vision proves nothing more than 
a defect in conduction in a certun part of the visual organ or jiathwav One must 
not strain its value bevond this limit vtion In relation to thcmtnicmm il visual j athwa) 
no perimetric finding can be re^inleil jis pathop.iiomonic of a certain disease In most 
cases uc5ociated cinumstantnl evidonte vnll {lennit a rcasonabl) accurate inference to 
be drawn It maj be proj»er, bow cv er to o|M*ratc on a patient upon pcninctnc cv idcncc 
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alone. For example, il the perimetric picture points to a lesion at the under-surface of 
the anterior angle of the optic chiusnia and if it is steadily progressive we may infer a 
slowly enlarging mass in this situation. Beyond this, in the absence of other clinical or 
radiological evidence, we cannot go. Wo may consider that a pituitary chromophobe 
adenoma is most probable but \vc cannot exclude a meningioma or aneurysm. Yet as 
the majority of slowly enlarging tumefnctioiw here arc susceptible of satisfactory 
surgical treatment it will be proper to operate. 

At the other end of the scale we may have to deal mth a patient with every evidence 
of increasing intracranial pressure urgently requiring relief. In such a case it may happen 
that a searching neurological and radiological study fails to 100.116 the disease process 
but that careful perimetry may yield definite information and direct treatment. 

One must not overlook the value of definite proof of the absence of involvement of 
the visual pathway. In ortlcr that such proof may be regarded as definite it is necessary 
that careful quantitative perimetry as described in this volume should be carried out. 
Allow'ance may be required for the effects of papillcodema and its consequential optic 
atrophy, as contrasted ^\’ith direct implication of the visual pathway by the disease. 
In this way it is obviously possible to exclude a very considerable part of the brain as a 
possible site of the disease process, and thus to narrow down the search for the lesion. 

Dr. Traquair has emphasised the subjective nature of the perimetric examination. 
While it lends itself to greater accuracy than most other methods of clinical examination 
it is not a method of mathematical precision. These considerations ajjply unth particular 
force to many patients suffering from brain disease. These patients arc often seriously 
ill ; their capacity for concentration on the test may be impaired ; they arc often very 
rapidly fatigued by the examination. Their responses to the test become increasingly 
unreliable and inaccurate in proportion as these symptoms prevail. The neurological 
perimetrist must learn to assess the value to be placed on the patients’ responses in these 
circumstances. He must realise that, within reasonable limits, a more accurate idea of 
the visual field may be obtained by sacrificing time-consuming, meticulous precision 
to sj)ced of examination. For he must avoid the very gross inaccuracies which necessarily 
accompany undue fatigue of the patient. It is dcsimhic in dealing with such cases that 
the perimetrist should learn to memorise the whole of an isopter so that he can obtain 
its outline quickly A^nthout stopping to cliart or mark it. The patient Is then put at ease 
with closed eyes, while the finding is charted. Thus the patient is required to concentrate 
for a minimum length of time and is frequently rested. Often, in spite of these precautions, 
disabling fatigue .supervenes before all the ncccssaiy information ha.s been obtained, and 
it is necessary to postpone further examination for minutes or hours according to 
circumstances. For rapid perimetrj’ the sridc segment perimeter of the author or that 
of Walker (Fig. 10) is advantageous. In brain tumour cases there is often an clement 
of urgency in securing diagnostic data. Artificial lighting is advantageous for perimetry 
in these cases as it may be undesirable to postpone examination in onler to secure 
satisfactory* daylight conditions. In some cases where drowsiness and apathy are very 
markc<l one may obtain more reliable information conceniing gross defects of the visual 
fields by the confrontation mcthotl than by the use of perimeter or screen. Tlie ncuro- 
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logical pcrimetrist should be thoroughly familiar \rith this method. Especially he should 
learn to obsci^'c the patients’ response objectively so that he may gain information in 
the absence of verbal replies, ns in nphasic patients and in young children. While tlie 
examination of the inco-operative patient has been stressed in considering neurological 
perimetry it should be added that many patients with brain disease are normal in their 
capacity for perimetric e.xamination. The greatest accuracy becomes especially important 
m the analysis of small central and paracentral defects. 

Pathological changes in the visual fields are as important to the neurologist and 
neuro-surgeon as those of the knee jerk or plantar response or the fundus oculi. If they 
are not thoroughly familiar unth the practice and interpretation of perimetry they 
are incompletely equipped for their work. Those who avail themselves fully of this means 
of examination have at their command one of the most important and most helpful 
means of investigating organic lesions of the nervous system. 


NORSUN DOTT. 



PREFACE TO THE SIXTH EDITION 

Two Coloured Plates and two new illustrations have been added, and the text 
has been revised and amplified. 

I am very gratefnl to Mr. Keith Lyle for allowing me to use liis excellent 
coloured drawing of opaque nerve fibres. 

Mr. Henry Kirapton has, as usual, taken every care, and spared no trouble. 

H. M. T, 

EoisTJURan, 1919 


PREFACE TO THE FIFTH EDITION 

For the fifth edition the anatomical termmologj* has been brought into line with 
modem usage. For this and for much helpful criticism and for assistance in correcting 
the proofs I express ray grateful thanks to Professor Brash of Edinburgli University, 
The text has been revised, ten new illustrations and sixteen references have been 
added. 

I gratefully acknowledge the care and trouble taken by Mr. Henry IGmpton. 

H. M. T. 

KoiNBuncn, 

January, 194C 



EXTRACT FROM THE PREFACE TO THE FIRST 
EDITION 

Inis book IS an amplification of tlic Muldlcmorc Essa^ for 1020 on “ rcnmetr\ 
(nulusne of Votomctr}) Its Methods nml Its Value to the Ophthalmic Sarpcon 
It docs not attempt to deal cxliaustivelj with penmetr}, but onU to introduce the 
re idcr to its essential principles considcreil in their clinical aspect 

Ihc iiresentition of the subject has therefore been limited to uliat the climcim 
IS likeU to find useful Incursions into the more academic aspects of Msual resjionse 
h u e been reduced to tlie lou est limit compatible u ith pro\ ulmg some kind of explanation 
for dime d findings 

In <lealmg \\ith the metho<l3 of field testing I have endeaaoured to describe and 
explain a simple procedure uliicli the experience of others ns well ns mj«clf lias shoun 
to be both oas\ and satisfactor\ ^lO attempt has been made to rcMcu the numerous 
Narntions of method or of apparatus often elaborate and costlv, ubicli linae been 
n(l\ocatc<l from time to time not froinan> desire to depreciate their ^aUlo but because 
part of t)ie object of this nork is to urge that success m perimetry, as m man} other 
forms of subjectiac examination mil not he attained b) the u«c of the best’ or the 
neucst instnimcnt but b) the stud) and apjdication of simple principles The 
procedure described is that kmown ns the ijuantitatixe metliod of jienujctr) which is 
tssentialh the method of Iljerrum who disco\crc<! more than thirt) )earsRBO that he 
could obt iin more information b) using tlic back of his consulting room door than he 
could from the ordinar) perimeter Onginalla directed to the stud) of glaucoma, the 
principle of njerrum s method has been cxtcnsiacU npplicil b\ Roenne at the jircscnt 
turn, the chief exponent of quantitatDc periinctr) who has demonstrated its advantages 
m the examination of all conditions in vvliicli penmetrv is useful and vvlio introduced the 
term quantitative to indicate its nnnl)tical nature This form of field testing was 
intrcMluced to I n^lish spcikinp ophthalmologists in 1890 h) Berr), who had previousl) 
himself been working along the sime lines Suite then the quantitative method has 
been further dtvciojicd and its v alue both as a means of diagnosis and of research is 
beiomiiig mere isingl) appreciated 

Not !es.s cvventiil than adeijuate examination is tlic correct interpretation of the 
re lilts obtamod In tins connection the anatom) of tlie visual path the irnjJortaiKC 
of which to the perimetrist can hmlh he overestimated has been crnphasisivl and 
some refi fence has been made to pithological conditions with a view to comlating 
thcne factors with alterations in function and assigning a rational significinrc to ficl 1 
changes On tin sc lines I have attempted to discuss the genesis of field changes and 
till indiritioiis wliiih thev nfTonI 

In estimitmg the significance of alterations in the fiel Is esjiecial!) m rehtion to 
dn^nosis stress has been laid throughout on the necessit) of considering huch changes 
as part onlv of the evidence upon which conclusions are to be based though at the 
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same time m order to a\oid unduh enliiging the scope of the booh, references to 
ophtlnlmoscopic and other signs ha\c been almost entirel) omitted 

Some of tlie fields illustrated have been designed to indicate the \arious degrees 
of \ jsual acuity bj^ diflerentn] shading so that each field re'sembles a map of a mountain 
The bulk of the illustritions are from ma o^vn collection a fen haac been borrowed 
from other sources 

I do not venture to expect that this book wxH not be found to contain much that 
is inaccurate and more that is immature hope is that it maj in some degree stmiulato 
interest in perimctr) and in the study of the anatomv and patholog} of the visual nerve 
path not onl} among oculists but also among phjsician« and surgeons 

Mr Ilenr) Ivimpton Ins been most jiatieiit and considerate and has done eierj^ 
thing possible to meet my v\ ishcs 

H M T 

FnisBUKon 

1027 
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CLINICAL PERIMETRY 

PART I 

The Field oi VISIo^ Perimbtrio Instru3IE\ts A^D IIetiiods 

INTPODUCTOPA 

Tfic field of MSion is that portion of space in v\hicli objects arc \’isiblc at the same 
moment during steid^ fucation of the gaze in one direction ^^lth ever^ movement of 
the ejc the field while remaining practically the same in area, changes its contents at 
its margins so that as the eye is nearly always moving sbglitly, and as the effects of visu il 
impressions persist for longer than an instant, the evtent of the field for practical purposes 
IS somewliat larger than in the case of an actually stationary eye, except m such directions 
as it IS limited by the contours of the orbit Peninctry , or the measurement of the field, 
IS concerned only with the field of the stationary eye, that is, of the eye when its Msual 
axis IS directed as exactly and steadily as possible towards a fixed point The distinctness 
with which objects in the field are perccl^cd depends on various physiological factors of 
winch the most important is proxiinity to the visual axis The surface of the retma, 
the peripheral receptive organ, receives a mmificd and mverted image of the field, just 
as a photographic plate receives an image of a landscape The fibres of the conducting 
nerve path arc arranged side by side so as to preserve, v^itli certain qualifications, the 
atrangement of the retina Thus a transverse section of the path at any level repeats 
the retina, and, therefore the field, and the same applies to tlic receptive centre, the 
visual cortex or cortical retina The visual nerve mecham'sm may be compared to a 
telephone consisting of receiver, wire and station Faults may be situated at any point 
and may be of vanoiLS Kinds The object of perimetry is to ascertain the presence, 
position and nature of faults m the visual nerve apparatus Since the field corresponds 
to a cross section of the nerve path, a defect in the field will, if properly interpreted, 
alTord some giudantc as to the situation and nature of the causal lesion, whether tins is 
m either of the end stations or in the conducting fibres 

Before we can practi'sc perimetry, or take the field ” with success, it is necessary 
to have cleir ideas as to what wc are nndcrtaking, and some kind of mental picture is 
essential Any attempt at a full exposition of the field with its pliy sics and its psy cliology , 
13 out of place m this connection e must aim at some simple image which will illustrate 
the cs.sential features in such a wav as to asAist the clmician 

To define the field of vision as the projection into spice of the light rays which fall 
upon the *'ensitt\e retina during fixation of the eve mav be accurate, as far us it goes 
but IS cliniealU sterile It will be found more asoful to regard it as a portion of an 
imnien«c hollow sphere upon tlie inner surface of winch is spread a panoramic picture of 
external objects showang the central feature depicted v\ith minute detail and vivid 
colouring while objects at increasing distances from the centre arc indicated with 
correspondingly diminished clc irness and duller hues But the most helpful mental 
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jiicture of the Msual field is obtamwl when rCp'ard it from the standpoint of Msuil 
aciut) e ma\ imagine the field as an inland* of v ision surrounded bj a sea of blmdnc'ig 
(Figs 1, 2, 3) The coast line is comewhat oaoid in shape, and rises stceph so that the 
island is surrounded ba cliffs aertieal at one side, sharph sloping at the otlier Vbo\e 
the cliffs IS a sloping plateau ^\hlcb ri«es more rapidlv again towards the somewhat 
eccentrical]^ situated sumrrut This is cromiixl bi a shar|> pinnacle whose sides cur^e 
steepl} upwards from a narrow ba^e To one side of this point is a pit (the blind sjiot) 
mtb sides almost a ertical at first, but soon becoming perpendicular, wliicb extends down 
to the Jet el of the surrounding sea To an ob^erter situated in theairabote the pinnacle 
a panoramic Mew of the whole island is pre‘'entcd On the shore onl} large objects can 
be teen and colours cannot be distinguished Inimcdiatcl) within the coast line along 
the (op of the chfis emaJJer objects are aisible and colours can be recognised if in large 
enough patches, and as the neighbourliooil of the summit is approached smaller and 
Emallcr objects become apparent until at the apex of the pinnacle the most minute 
details can be detected Imagine the surface of such a hill, not stationary , but subject 
to slight fluctuations in height, and wc obtain a ghmp«c of the normal field of viMon, 
and we realise that the problem of perimetr} is the surve} of tins surface 

If uc choose to exercise our miigmation still further and picture to ourseJyes this 
hill under abnormal conditions, we must think of it as distorted or i)artiall) destroyed 
b) subsidence Depressions of c\er} aancty ma) occur on its surface, of all sliapca 
“izes and depths, yyith straight, curved or irregular margins, yvith sloping or steep sides, 
isolated or extending to tlie shore or to the pit, or partlj or wholl) in\olMng the central 
pinnacle 

Lntil compiratiyeh recently, until the introduction of the quantitative method b^ 
lijcrnim and Iloennc, the surye> of thw hill was largely neglectcfl, and penmetr} meant 
little more than the outlining of its coast Ime and of deep depressions, frequently by 
rough and superficial methods Modem perimetry is more ambitious, and, therefore, 
more exacting It denuiuls a thorough exploration of the whole area, an orographica] 
«nr\ey as it were, with all differences in level showm by contour lines, neglecting no 
dtjircssion lie it ever so rcstrictcvl or shallow It will be «een that penmetry is a 
BpccialLecvl studv of one asjvect of the symptomatology of vision comparible in many 
wavs to the study of other kinds of dLsordererf sensation It is a study, adapted to 
clinical purjwtes, of the reception and conduction of impulses in the visual nerve 
apparatus and of the re‘«ults of impainiient of this ajiparatus Its aim is to ascertain and 
distinguish, within certain limits, vanous hrnis of deviation from normal vi'ion and to 
correlate each alteration os far as posMble with a definite anatomical site of interference 
and a definite causation, and thus, m harmonious as.vociation with otlior methoils to 
rontnbutt its quota to the production of a clear and complete clinical picture 

Penmetry has therefore two sides, the technical and the interpretative tor the 
fomicr the j>cnnictnst requires training and cxpenencc m practical methods of examma 

* Tif vliv of lh« SWl ft rityyn ft* ftci wUni in ft ar* Itiri'lnn* Jiftllr frib furlvl ftnl Irxjia 

iUtmlirui ftbo Ui* Cril «ft« »oonhftp*a « lb • cumlftT out* d« fit ftkicl rxHb r; roall 

lUojd 
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tion, atui an acquaintance witli the chief physical aiul physiological f ictors upon winch 
these mcthotls arc based , m respect of the latter, his knou ledge of the anatomy of the 
Msual nerve path and of the various ways in which different pathological conditions 
may aCect it, cannot be too wide or profound Further, since the examination is sub- 
jectiv e and carried out by question and answer, due rccogmtion must be given to purely 
psychical conditions which may influence the patient’s responses 

It must, tJierofore, be cmpbasi'^ed that penmetry cannot be relegated to untrained 
persons, such ns nurses or orthoptists, if satisfactory* results are desired. 



CIIAITER 


TIIK KOUMAL FIELD OF VISION 

We have seen that the field may be reganlcil as a hill of vision surrounde<l by a 
so,i of blindnes.s. For purposes of iJe^cription, vre must consider this hill ns shoan 
ujioii a map or chart by contour lines in the asual way (Figs. 1 , 2). The centre point of 



TJi*' n'Jn»-r»t<»rcI evh fjvtK n tb» duwtrr <»f the t«t ol.jw-t jn nullimrtn-* ll » tJrnofain»t<if Oi? 

dnt«iv«- fmrt It will *i-rn thtt «« t^t tn »tre theB^l I l«*-rn(M *fn»IVr, 

•loeir at th<* h'TT. • ut np lly loe»»iI« ibe f»-i*re On tie nwl ii le lh» I»r~r^ f.l j-^ t» ell gire lb# 
< I MI eatlixt Ihe r-i/' of the fir! ] U thr 
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the chart ront*«ponils to the vi«ua! avit, the object ilircctly reganletl. the /jrathm point 
or centrum. The area of the map j<« measuretl in decrees from this f>oint, rountl which 
the coast'hne of the island or peripheral boundary of the field is indic.itefl hy the mo't 
{)criphcral or lowest contour line. 



THE XORAfAL ITELD OF \TSIOX 


6 


Tlio^e lines arc tcnned isoptcrs The position of an} isoptcr is determined by the size 
of the visual angle subtended by the test object to which it corresponds Thus if an 
object of IGO mm diameter is used at 1,000 mm distance, the angle subtended is 
X ’-V » find tiic i&opter is the isoptcr for ^ and the contained field is tlie field for 
(sec p 0) The isoptcrs, as in the case of contour lines on a plan of a mountain, are 
])( nplieral or low and internal or high 



2 —The Fielo or Vision REOiRDEn a lliix seen in Sepho’^ 

MwliH I from FoonneJSSfl) The horjEontal mrml in w shown Cf Fig i The cont nu tm hontonlAlWc 
Ime iri I elites tl e cslent of ll e fetdln d«»»rcr» ihcVcrt al I nei the M-niU Acuitj O the d Ameter of the test 
nl jrcti I milhtiietre* 1) iti linUneofrom tl orjeinm II metres and V V thei sual Angle Rul tended at thenodnl 
|<ont Pel nn ng with AR angle of ') fl e \isus1 snzic is hilrtd foreRch » iccesi) re isoptcr a modilication is 
introluced bj the aubstiti tion of ggag and 4a9a for the or-inal flares (lloenne) of and Tl e 

intcmipte II ne #l ovrs the alteration piwoeed by an imtg narj ua / irwi depression of the ae nty over the whole 
Gel I The I Iin I ip« I appears as a pit with cratenfonn mo ith It Is shnsm a little wi }er than it ehouT 1 fw* 
as if its full « liiiUjon the I oruonlal mend an uutrs 1 u( elulth below it 

Thu chart i< intended to illiutrato a rl n eal rat! er than R msthe natiral ronee| tion of the compos tfon i f 
tier, ntl fet I in trrmsof relative sisiulacntenewi it is at least approximately aeriirate 

The field is iisualh charted as *tecn bv the inditTdunl whose field is representecl 
Tims the field of the right cv e is placed upon the right side of the chart intli its temporal 
or right Ride towanls the right, and its msil or left side towards the left, and the fichl 
of the left e\ c is, placed upon the left side of the chart with its temponi side to the left 
It IS unfortunate that the term “normal,” as applied to the field, does not vc^t 
connote fevture> or liimtntions genenllv understood and agreed upon Thus the field 
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j<?foinotiincs‘5aj<I to be norrml, nItliou"b all tbit Ins been necerfame<l is tint its peripheral 
limit IS nornnlK «itu'ite<l I or clinical purposes, with winch alone we arc here concerned 
ive ma\ repnni a fit !d as normal when theextent of its boundaries and its ■sen'sitn ene's's o\ er 
its wliolo area attain the ‘standard found in the aaerage hcaltlu indi\ulual h} adequate 
and at tho'S'inie tunc practical methods of examination ^Wiat this standard reall) 
amounts to will n ituralh be better understood when the'c methods lia\e been discussed 
In this sense the normal field maa lie regardctl as consisting of a cenfr d area extend 
ingto2i ine\er\ direction from the fixation point and a peripheral /one whiclnncludes 



Iio 3 MotiTL r me liELP c r Vhi < num Ti t MtiWBExs-t-n rivtx IT Fi ^ 1 ax 
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the remimder In the centre closely surrounding the fixation jmmt is the fixition 
area which corn ponds to the jirojcction ol the nnculi 

A hno j assiiig ])orpcndicularh through the fixation point constitutes the \ertit il 
meridian of the field and diM<lcs it into two unequal pirts a lar,.er tcmiKira! and a 
smaller n isal half field or field \ hon/ontal line through the fixation jioint (h\ ides 
each of tlie^ into upiier and lower quadrants The j>enphcral hound ir\ is ordinanlv 
dttcrmitie<! in'ilh and upwanls to a certain extent b\ the configuntion of the orbital 
mar,.in no e and up|K r hd an<I b^ the |»o«‘itioii of the evehall in the orbit In the c iso of 
the a\tra^e iiidi\i hi d the fii Id extends to aliout CO'® upwards GO'’ nasalh 75° down 
wanls and 100 or a tittle more temporalh In the lower nasaf quadrant the margin 
frequentU rccctks to 50° or 45° on account of the no«e 
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Tlih is often called the relative field, in contrast to the absolute or maximum field, 
which is obtained when the eye is fixed and the face turned daring the examination 
of each meridian in such a way as to exclude the influence of the orbital margins. The 
upj)cr lid is elevated if necessary. A close approsdmation to the absolute field may be 
obtained in cases of exoplithalmos from goitre or orbital tumour (see also Malbran, 27G) 
The absolute field is somewhat lai^er than the relative field in those directions 
in which the latter is restricted b)' the physical features referred to, the diflercncc 
depending on the configuration present in individual cases. It does not extend to 
more than about 70’ in any direction upwards or to the nasal side.* 



1j(. 4— Tiic Kt»u> ros , 5 ,. unowi'to the lltJHcnos pck to a Iaecb Nose asii 

l>B<K»rr'o I rPER Lii> 

Till' t<r<iV<<n lirx* ihnns ilio (or obttimd to tnKini; th^ lid, Irsvin;; tlie position of the fAie imilti rnl 
Till* |inp<i M eoiiKidi* wJitro thi* limiMfconw dw to the nwn' 

Tiie field of the tw'o eyes together, or binocular field, is the combination of the 
right and left uniocular fields, which partly overlap, so that the nasal field of one e}c 
covers the greater portion, the pairctl portion, of the temporal field of the other, lea\ ing 
an outer crescentic uniocular area unpaired. This is called the temporal crescent or 
sometimes temporal “ half-moon.” The central portion common to both eyes is nearly 
circular with a diameter of about ISO”, the temporal uniocular area e.xtending to about 
30’ to ^0’ further on each side, so tlmt the whole binocular field forms a rough horizontal 
oval extending to about 200® horizontally and 130"* vertically. Within the paired part of 
the binocular field \isual acuity is slightly greater than in the same area of cither field 
separately. In the unpaired part of the binocular field I have found it by perimeter 
tests to be, if anything, a little less than in the same part of the uniocular field.f 

The clinical i)erimctrist is mainly concerned with the uniocular reLitive field, 

• In ftal rtri-x (Clnivwi., ilie n««it of lfi« Mduljorji no jipi'rjal Axjcntion 

onlv pi-tiilly comet »n rcpifilii*)! bi* n’f*' HtyM- At Allontine the ctm •" uoolMlructcd tttion" 
XfArtpfcon lUtiijiwi \ 

t ApprndiT. Nolc I . p J'lO 
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tliough in some c.ioes It is necessary* to turn the face or lift up tlie upjier lul of the patient 
111 orilcr to avoid error. 

Within this area jicrception h much lower at tlie periphery than near the fixation 
point, towanls which it pmdually jnerea'^^s, though in the jicriphcral field mo\ing 
objects arc relatively easily detccte<l. 

Tints a stimulus which is only jiLst strong enough to cause a visual impression in 
the contra! area will he invisible in the jMjriphcral zone and the strength of a stimulus 



riie«lful for its perception hecoines pradually less as the fixation area is approached. In 
perimetry there are several methwlsbj which the strength of the .stimulus mnv he varied. 

( 1 ) By using tcst-olijccts of different sizes. 

( 2 ) By altering the distance at which the tost-ohject is U5C<1. 

(.'{) By altering the colour of the object. 

(J) By altering the illumination. 

(S) By altering the background against which the object is fccn. 

In the fip't instance we may consider the field of vision ns delimited by the u«e of 
white lest -objects of varying pizes ag.iinst a black b-ickgroiind. By the use of a Serb's 
of test objects in this way, suitably graduated ns to size, it is po'-sihle to ascertain tlic 
|K)iiit <»f \ isibihty for each size of object in n number of meridians, and thus to detorinlne 
the po'ilion of the isopters and to show tlie slope of increasing xnstn! acuity in the same 
way ns altitudes are shown hy contour lines on a map. Ikich isopter corresiKimls to a 
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ccxtain size of oLject used at a certain distance, and as these factors may vary in relation 
to one another, the visual angle subtended by the object at the nodal point of the eye, 
and not merely its diameter, forms the proper basis of comparison . This angle is expressed 
in degrees by tbe fraction X The constant or 57'3 is visually omitted, 
thus the extent of the field for an object of I mm. used at a distance of 330 mm. is 
referred to as the field fofj-^, an expression which conveys more information than 10*4', 
to which it corresponds.* It is obvious that where the peripheral boundary of the field 
is tletermincd by the nose or brow, t.e., at the margin of the relative field, the image of 
a test-object brought centripetaily into the field falls at once within the limit of the 
functionating retina, appearing to the subject “ like the moon on the horizon ” (Hess I7G). 

At such parts several isopters uill coincide. A finding of this kind is not likely to 
be misinterpreted even by the inexperienced. 

The outer boundarj' of the field constitutes the most peripheral isopter and can be 
marked out in an av'erage healthy individual by using an angle of 30' (,^1 except on the 
temporal side, where a considerable increase in the angle shows the field to extend well 
be 3 mnd the 30' isopter. Figs. 1 and 2 and the follomng table show the isopters found 
by Hoenno, With an angle of 0“ (,^), Eoenne found tlie field to reach 107* temporally, 


Isopters in tbe Nonnai FJel^ (Roenne 336; 
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ll 1» etiilrnt from this UWe that the tismI ficU luv* * stwp rdpr. <“<p«xitill> on the wwal nile. (See Figs 1, 2. 3 ) 


• It Is enacntiA) that the sire of the object anil it* ilwtaneo from the eye bo given and not mcrily the vistul angle, heno, 
the melhul descnlx^ above [« the only satisfactorv one The ftssson i* that under ordinary consultiog room or hospital 
condition* a sli.'ht variation may l>c found in the Crld* 1«Ven With the same visual angle at diflrrent distance* io the normal 
eye, and in pathcdogical conditions the diflcrrnce may be more noliceaUc, when the object and distance vary — f 7 . jjs doe* 
not alwar* give tho wne field m *3S*. Also m rrconlmg the condition* under wjurb a field baj been le*i#d Ibe fracliwB 
P gives the »i*c of the ol ject snd the d«tancp»l which it waattMsl aa well** the vUoal angle, whereas a statcroenl of the 
Visual angle alone givea no information whatever about the distance or the me of the object See Appendi* I , p 
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and 02 nasaJIv , u hile an an/ile of ‘14* ;»*jre the <uine extoat msa]]; , but on)} 93° tenj 
j)onll\ Arij'les ‘iinillertlnn 30' puci«opten>l>ing within tliepenplipn allround The 
mtcrv^h between the^e boundaries ore wndcr on the temporal than on the nasal «!ide, «o 
that aa the M‘'ual an^le is rc<liicod the field becomes more circular in shape as well as 
«:mnlfcr \\ ith an anple of I 7' the field is. reduced to an approximate circle of about 2G°, 
and with half that angle (51') its extent is onU about 8°, and so on, down to an angle of 
27' which Koenne found to be ‘^een onh just at the fixation point 

The aacrage normal positions of the isoplers for definite aasual angles with white 
test objects can onU be approxiinatch cstablisheci, and in manj instances the ob era a 
tion« hitherto published h\ aanous ob«or\crs do not correspond The nature of the 
‘•uliject indicates that onh a limitcil degree of exactitude should be expected and that 
< onclusjons must be ba^ed upon the examination of a large number of induiduaK under 
identical conditions The mam fact is, howcaer, firml} established that the peripheral 
5en<=ibilita of the retina can be graplucalh expressed bj isoptcrs representing the extent 
of field corrosjionding to the M«ual angles subtended h\ the tests cmplojed This fact 
forms the ba«is of modem perimetry, and the tenn “quantitative ’ pcrhnctrv mean*' 
perimetrv based on the recognition of tins principle 

The Field tor Colours 

If the field of xa«ion i> tested with a white and a coloured object of the same size 
against a black b ickground the coloutccl object wall giv e a smaller field since it is a levs 
strong stimuliLs and thus the field for colours is usuall) regarded as smaller than that for 
white The consideration of this subject involves inanv extremely comjOcx and difficult 
phv ‘.lological quc>tions and in the present instance must be confined to the clinical and 
practical aspects I rom the fact tint a white object is seen as white in all parts of the 
iwnphenl field it follows that the fields for complcmcntarv colours such is a complc 
mentan red and green ora comjihmentan blue and yellow, ira equal in extent The 
charts u«nalh giv cn in text books showang the colour fichl decreasing in sire m the onlcr 
vellow blue real and hstlv green in a comparativelv small central area refer to the 
ri-uUs of oh=ervatioi s made with one sire of test object, with colours which were not 
coriqilcmentarv and probddv nl'O varied in intensitv of hue and m their white v ilucs 
kwfortwnatcK t»o standanl of colours basxct been estvblisVieil, ivnd it is because those iw 
general use at the present tunc varv in reganl to the points mentioned that the field for 
green I*, usinllv found to he smaller tliai thatforrc<I and th it for blue sm dler thin that 
forvcllow but if the intensitv of the light the Mturation of the colour and cspcciillv the 
sire of the ohjoet arc adequate (hcve colours inav be dLstmguished verv nearlv, if not 
quite at the jtenpherv T1 e extent of the field for each colour is also influcnred hv the 
nature and hnghtnesn of the colour to v\Iitch the retina was exjioseil before the examiin 
tion commenc'cd (pre oxj>o«ure) and bv the relation between the brightness of the back 
ground and tint of the colourc<l object, the field being largest w ben the bnghtne s of the 
object and that of the background are equal Mitb a black background ns is usual in 
clmicil j>eriinetrv the colour field will lie relativeh smaller if there is much white in the 
colour test itee<l It is of interest to note that if n coloure<l test-object too small for the 
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colour to be accurately detected at the periplicrj’, is presented there and moved towards 
the fixation point, the colour appears tltFouglt several changes. Baird has shown that red 
first appears yellowish, tlicn yellow, orange and orange red. Green passes from yellowish 
through grecnisli to green. Blue does not change in tone, but increases in saturation. 
These points arc mentioned here because in pathological conditions a similar sequence 
of change may be observed. It ia, however, pos.siblc to select colours which do not change 
in peripheral vision, the so-called “ physiologically pure ” colours.* 

It is unnecessary as well as wndesirable to overburden clinical perimetry with 
elaboration.'?, wliich are of little, if any, practical advantage in diagtiosis or treatment 
and, as far ns concerns colour perimetrj' as a cUiiical metliod, the influence of a grey 
hackgroimd and of pre-exposure may l>c neglected and wc may regard tlie extent of the 
field for each colour as determined by the size of the vdsual angle subtended by the test- 
object against a black background. The positions of isoptci's for colour tests of different 
angles in the normal subject have uot been fixed with any exactitude for several reasons, 
mainly becau.so of the great variation in the results obtained from diflcrcnt individuals. 
Since the colour appears gradually as the test-object moves from the periphery to the 
fi.\'ation point, there is \Wde scope fordilTcrence of opinion ns to when the object presents 
a definite hue, and the more difficult the test (c.j., when tlie object is small) the greater 
arc the variations met uith. Ordinary differences in illumination or in tlic exact hue and 
intensity of the colours commonly supplied for the purpose are of little practical impor- 
tance even when the objects are small. As the white value of the colours is usually too 
high, a relatively bright illumination tends to reduce the field more than a moderate 
or somewliat dull diffuse light, and should be avoided. 

Using 20 mm. square objects at 330 mm., that is, with an angle of nearly -i®, tlio 
fol!o^vin" figures were obtained by Berry 
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With the perimeter and screen under onlinary clinical condition.? in winter, the 
rcRnlta.sliown in the Table on p. 12 were found by the author. The subject is furtlior 
di.s(’i)s.sod in the Appendix, Xote I, 

The.se figures are sor^iceaWe ns an approximate guide to the gradation of colour 
perc'cption under the usual condition-s pre.sent in the out-patient or con.sidting-room, 
and are not intended to indicate an)' scientific phraological value.s. 

In practice, having regartl to the hues whirh arc commonly available, red is the 
most genendl)' tiscful, blue is sometimes helpful in special cases, while green, though 
seldom required in itself, is useful a.s n contra.st to red. 

When the highly subjective and qualitative nature of the tost is consi(lere<l, it is 
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enc^ent that nomi'il '•tandird!. for penpheral cofoiir nMon can onfr be approsimatelv 
indicated bv the penmetet a*' ordmanlv available Thi- however doe* not dimim«h 
the u>efnlne<a of colour [>ermietrv a valuable clinical method when with judcment 
and di cnnunation ui suitable ca'^e-^ 

It i> nece«6ar\ to remember that a te^t with colour a'- compared with white i'» a te t 
with a «Tunulus^ the «tTenirth of which ha-N been reduceil bv dmiini*^hin£» it^ bnshtnc'i* 
but not it<5 area No «pecial individual ^unuficance is to be attached to each colour 
and tlie field i» never altered for one colour without beuig altered for all the others and 
for white 

The BImd Spot 

The projection in the field of the head of the optic nen e forms a phv lolomcil blmd 
area or netrative «cotoni.a the blmd «pot or arm cacn which is oval in 'shape, with its Iou2! 
axis vertical Lnder normal conditions maimificint aarntions occur in its ^io ition 
and sire In width it me isure approvimateh 5 5 and in heisrht 7 5® It* centre hc' 
about 15 to the literal side of the fixition point and 1 3° or slijrbtlN more below the 
horizontal mendian, «o that over two-thirds of its vertical diameter he below the lion 
zontal mendian \s this relation hip is altered if the head is shchtlv tilted to one side 
shsht vanations are ei-ilv produced and are of no importance The distance of the blmd 
spot from the fixation point u increased in hvpennetropi i and dmimi hed in nivopia in 
accordance with the difference in the lencth of the ei e 

The dunen ions given refer to the area of absolute blindness. Surroundmc this 
there is a narrow ambl\ opic zone of about 1® in width m n Inch modified la ion is pre-ent 
both for white and colour The decree of aniWropia is such that or white is 
not seen <43 that the blind spot mca ured with such n ual angles is about 2® more m 
total width than when mapped out bv lirser angles ith objects larger than ^ the 
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ambl} opic zone becomes too na^ro^\ toniark outcasih andlts^\Idth isslightK greater for 
the smaller test-object * Haj craft (158) found a much wider zone of relative amblj’opia 
Tlie significance of this zone m clmical work vnW be referred to later (p G7). Gmphicallv 
expressed, the margin of the blind spot is steeply sloping at first, and later perpendicular, 
rc'-emblmg a well mth a crater-like mouth (Fig 2) The area of absolute bhndne&s 
corresponds not to the head of the nerve, but to the area in which no retinal receptive 
elements are present, an area usually slightly larger than the nerve itself. The presence 
of the arablj opic zone is at least parth anatomically explained b} the gradual rather than 



Fio 0 — The Noum. Bund Spot {I.e»t( 

Thv dr&ving ot the diw mvle atsliecnorntl^. atxl i« tamM »o aj to tvrnxpood vith its ] ra^cclmn The 
aaUropic area O about 00 wide on tho naul aide. bikI I* on the temporal Tlio pro/rctK>n< of the 

T<^<>r!s rorreaponu cIokIt with the true positions, bnt one vein and the imalicr arten<^ aero not detecie*! 
Test^ohjccta 

abrupt tonnination of the retinal outer lavers towards the nerve At the upper and 
low er ends of the blind sjiot narrow cun ed prolongations of the ambl} opic zone are found 
which represent the projections of the larger retinol vessels near the optic du^c, and which 
wnthcare maybe traced some little wav over the field even as far as 30'’ or more according 
to the obscnations of Young and Evans. Owing to the narrowncs-s of the area covered 
b\ the V essel such scotomata are somewhat clusiv e, ns cv en slight unsteadiness of fixation 
caiL'Os the test object to “ go out and in ” Vc^l scotomata arc broader where they 
arc joinetl to the blind spot and become narrower as they leave it They follow the 
«ome\\Int irregular course of the vessels rather than the more unifonn curve of the 


• Appraiiis IL, p. 59 • 
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evident that normal standards for peripheral colour vision can only be approximately 
indicated by the perimeter as ortlmarilj a\ailablc This however, docs not diitunish 
the usefulness of colour perimetry as a valuable clinical method when used vnth judgment 
and discrimination in suitable cases 

It 13 necessary to remember that a test with colour ns compared with white is a test 
mth a stimulus the strength of which has been reduced by diminishing its brightness 
but not its area No special individual significance is to be attached to each colour 
and the field is ne^ er altered for one colour ivithout being altered for all the others and 
for white 

The Blind Spot 

Tlie projection in the field of the head of the optic nerve forms a phj siological blind 
area or negative scotoma the blmd spot or area coxa, which is oval m shape, with its long 
axis \ertical Under normal conditions insignificant variations occur m its position 
and sixe In width it measures approximate!} 5 5° and in height 7 5° Its centre lies 
about 15 5° to the lateral side of the fixation point and 1 5° or slightl} more below the 
horizontal meridian, so that over two thirds of its vertical diameter lie below the lion 
zontal meridian As this relationship is altered if the head is slightly tilted to one side, 
slight variations are easily produced and are of no importance The distance of the blmd 
spot from the fixation point is increased in hjperraetropia and diminished in mjopia in 
accordance with the difference in the length of the eje 

The dimensions given refer to the area of absolute blindness Surrounding this 
there is a narrow amblyopic zone of about I® m mdth in which modified vision is present 
both for white and colour The degree of ambl}opia is such that 5530 jilo white is 
not seen, so that the blind spot measured with such visual angles is about 2° more in 
total width than when mapped out bj la^er angles With objects larger than the 
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amblyopic zone becomes too narrow* to mark out casih' and its W'idtli is slightly greater for 
the smaller test-object.* Haycraft (158) found a much wider zone of relative amblyopia. 
The significance of this zone in clinical work will be referred to later (p. G7). Graphically 
expressed, the margin of the blind spot is steeply sloping at first, and later perpendicular, 
resembling a w’cll with a cratcr-Iike mouth (Fig. 2). The area of absolute blindness 
corresponds not to the head of the nerve, bat to the area in which no retinal receptive 
elements are present, an area usually slightly larger than the nerve itself. The presence 
of the amblyopic zone is at least partly anatomically esqilaiiied by the gradual rather than 



Pio 0— The Koajiii. Bu^d Stot (Lrrr) 

The dnw mg of the dwo wm made eubscqowidj, •iwl w turned »o m to eorreejwa J « dh it* projection T}>e 
Bmlihopio area (jAn) about 30' wide on the nasal side, and I® on the temixiral The projections of the 
stwels correspond closely with th« true positions, but one rem and the smaller arteries »ere not detected 
Test objects, jJJi, and 

abrupt termination of the retinal outer layers towards the nerve. At the upper and 
lower endh of the blind spot narrow curved prolongations of the amblyopic zone arc found 
w liich represent the projections of the larger retinal vessels near the optic disc, and wdiich 
with care may be traced some little way over the field even as far as 30° or more according 
to the observations of Young and Evans. Owing to the narro%vncss of the area covered 
b} the vessel such scotomata are somewhat elusive, as even slight unsteadiness of fixation 
causes the test-object to “ go out and in.” Vessel scotomata are broader wlierc tlicy 
are joined to the blind spot and become narrower as they leave it. They follow tlie 
somewhat iircgular course of the vessels rather than the more imifomi cur\*c of the 

* .Appendix Um p. Sao. 
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nerve fibres The} do not, except very superficially, resemble any pathological defect, 
and their relation to the blood vessels can be easily checked by ophthalmoscopic 
observation 

These vessel scotomata are not often found unless specially sought for and do not 
form a usual feature of the field In order to demonstrate them the test object 
must be moved very slowly and carefully \Vhen tracing them towards the temporal 
side a 2 mm object ma} be advantageous 

According to Evans, vessel scotomata are more easily demonstrated by the use of 
very small test objects at short ranges, c g , Evans used the Lloyd campimeter 

with objects from I 5 to 0 125 mm m diameter * 



Tic 7 — SixTtios TimoccH ibe Optic Papilla to show (l) the Ceaditai. Cessatio't op the Octeb 
R£td.al LATEta A»p (2) xnt CoMrurre TcBUCfAiro'i op the I rrc.A some Distance pbom the 
\ebve 

These features of the blmd spot show that it cannot be examined adequately unless 
at least two test-objects are used, at 2 000 ram At a range of only 1,000 ram the width 
of the amblyopic zone becomes too narrow to be satisfactory 

Between and including the fixation area and the arco cccca is a horizontally oval 
portion of the field of great importance m pathological conditions the cenlrocaical area 
These parts of the field correspond m the eye to the fovea, the optic disc, and the papillo 
macular area respectively 

To the temporal side of the blmd spot the field is shghtly weaker than in other parts 
at the same distance from the fixation pomt WTiile ^ white is usually seen on the 
temporal hon^iontal meridian out to 26®, it is often easily lost m the stnp between the 
19® and 26° circles on the temporal side of the blind spot The importance of this feature 
will be referred to in dealing with pathological conditions 

• Angioscotomctry is the term giren bj Etaiu to Uiestiidy of defects vhich Are “ Ang ogenetic in ongin anddoes 

not signify merefy a metbod of raeasuring retinal ressp) shsdoBs Angioscotometix is not deilt tnth la this work. 
A full account 13 given m Erans Book Introduct on to Oinical Scotometiy byJ h Bvans London Homphreir 

Milford Oiford Univers ty Press 1038 
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Conditions vrhich Znflaenoe the Size of the Noimal Field 

Tho field is slightly larger in h^'pormetropia than in myopia, but the dilTerence is 
not such as to hav’e any practical significance for the clinical perinietrist, "When asing 
small visual angles, as ^^th the screen test, uncorrected refractive errors may caase an 
apparent reduction in the field. The field may also be slightly diminished in extent 
by a small pupil or increased by a large one if the test-object is very small, ouing to 
the difference in the amount of light admitted to the eye. With moderately large 
test-objects the size of the pupil makes no difference of consequence. Accommodation is 
said to increase the field by a feu* degrees, and as it is usually associated with contraction 
of the pupil the two conditions tend to counteract each other. While these circum- 
stances should be borne in mind, they do not lead to results capable of being mistaken 
for endcnce of pathological conditions. 

The extent of the field is also affected by the illumination of the test-object, the 
contrast of object uith backgroimd and the state of adaptation of the eye.* object 
situated at the periphery of the field does not stimulate the retina as strongly as when 
it is placed near the ^^sual axis because, in the former situation, less light is received 
from it. This is because of the obliquity of the incidence of the rays on the pupil which 
becomes relatively more and more sUt-lUce the more peripherally the object is situated. 
The same factor applies to the surface of a flat test-object, wlien used with Hjemim’s 
screen, unless its face is turned towards the patient when it is peripherally placed. 
For our present purposes it is presumed that the object always receives average daylight 
illumination without direct sunlight, that the background is black and the eye light- 
adapted. Under ordinary circumstances such factors do not induce variations in the 
extent or intensity of the field of vision such as are likely to lead to errors in diagnosis. 
Quite a considerable reduction of illumination is required to produce a definite depression 
of the sensitivity of the normal field or to reduce its extent. The effect of dim light on 
the pathological field wll be referred to later. 

The term " normal field ” is understood W refer to the whole area of the field 
including the central part, and not to the peripher}' only. In a nonnnf field there can 
be no defect or depression of visual acuteness anywhere. The term " full ” as applied 
to the field of >'isian should be avoided. 

We are now in a position to affirm the characters — for clinical purposes — of the 
normal uniocular field. 

1 . The most peripheral or lowest isopter must Ho in the nonnal average position ; in 

other words, the periphery must show normal, but not necessarily maximal, 
limits. 

2. The internal or higher isoptcre must occupy normal average j)Ositions for the 

stimuli they represent, i.c., the field must show a normal average slope. 

3. The central peak of the field must attain an average normal height. This does 

not mean that the recognition of alphabetical or other symbols must attain 
to any arbitrary standard, but that the fixation area is to be regarded as 

• Fwr tBore infwiruUon tee ihe ^7 'VtUw, tad by Ferl», lUnd, tad Weatworth. 
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part of the field The presence, however, of $ or ® vision with a normal 
field penpherj does not necessarily indicate a normal condition of the central 
field for normal central vision is sufficiently acute to undergo considerable 
impairment before an obvious reduction is demonstrable by a test such as 
Snellen s types Where such impairment exists the patient is usuall) 
anare that his vision is not as good as previously, and the central isopters 
will be found altered in position altliougb the test card may shou excellent 
acuit} Similarlj , expressions such as V = — field normal ” are unsatis 
factory if without explanation since the central field at least must be depressed 
unless there is some other reason for the impairment of vision 
4 Colour vision and the positions of isopters for colour tests t e , the slope of th’ 
field for colour should attain the average standard Here a relatively wi Ic 
allowance for plij siological variation is necessary and the capacity to recog 
nise colours possessed by the individual must be taheii into account cy 
congenital colour blindness may be present 
The practical critenon of the normal field will be considered in Chapter III 



CHAPTER H 

PLniSIETPIC U«STRiniEMS 
The Perimeter 

The perimeter consists essentiallj of an arc of a circle supported on a convenient 
stand ^\lth a chin rest or other appliance for keeping the ej e in the same position through 
out an examination and at a distance from the arc corresponding to its radius The 
arc IS placed with its concaMtj facing the patient, and is px\otcd on the stand so tliat 
nlien rotated it descri)>es a liemisphere into tlie hollou of ivhich the patient looks, 
keeping his ga/c fixed upon a mark — the fixation object — placed at the centre of rotation 

The line of Msion is therefore a radius of the hemisphere, and at the same tune 
the axis around which the arc is rotated In whatc\cr meridian the arc is placed all 
jioints upon it maj bo regarded as equidistant from the rctma The arc is marked in 
ilcgrees from 0° at the fixation point to 90* or more at the free end 

A large number of different patterns of perimeter have been devised from time to 
time, varjing more or less in detail though not in principle, and all claiming special 
advantages No useful pur|>osc would be served bj attempting to enumerate or to 
examine tbo diiTcrcnt examples in detail, but we maj consider the more important 
structunl features — 

1 The construction, extent, width, etc , of the arc 

2 The radius of the arc 

3 The dcsinbilit} or otherwaso of mechanical appliances for moving the test- 

object and for recording the field on a chart 

4 The stand 

Tlic arc should have as a basis a strong but light piece of metal bent on its edge 
to the curve required A strip of thin metal or wood is attached along the concave side 
of the supporting bar so that the completed structuro lias a T section with the vertical 
limb of the T on the convex side or, better, two such bars may be used, giving the arc a 
half II section , either method of construction ensures strength, lightness, and per 
manencj of curvature x\rcs made of jielding material, such as vulcanite, or made 
without a properly constructed rigid basis, ate apt, after some time, to lose their ongin d 
curve Tlie most suitable length of arc depends largel) on the object in view If it 
desired to Imv e a portable perimeter of minimum size and v/eight, an arc extending to 80* 
only maj he made to suffice, pivoted on one end For most purposes in arc of about 
120* IS more tonvement, pivoted at 30* from one end so as to make a short and a long 
hmb Tlii'i arrangement enables both sides of the fixation pomt to be tested up to the 
30° circle m an} one meridian vMtIiout moving the arc, while bj altering the position of 
the fivation object the avaiilahle length of the are mav be increased 

The same object is sought in man} patterns b> the insertion of a circular plate 
about 20 cm in diameter, often marked m degrees, at the centre of rotation, so that 
the central area of the field maj be explored in everj direction independent!} of the 
position of the arc Such contrivances are, of course, incrclj methods of increasing 
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the extent of the arc, and are unnecessary if the arc is wide enough originally If size 
and weight need not be considered the semicircular arc of 180 to 200°, pivoted on its 
centre, is the most suitable , it balances well and needs little adjusting, as a complete 
meridian can be examined in each position The width of the arc should be not less than 
75 mm ,* as it is desirable that the background should present as large a uniform surface 
as possible, and it should be faced witli bhek woollen cloth without pattern, or painted 
with a rcallv matt black surface Tins pomt is of great importance, as other surfaces 
reflect light, and while quite suitable foi rough examination with large objects, are 
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luirelnble for fine work mth small tests The arc should be marked in degrees in sucli 
a way that the position of the test object can be read off from in front This is easily 
done when the arc is of half H section by placing the scale of degrees on the outer side 
of each nb If the arc has a single supporting nb the scale is on each side of the rib 
where it is invisible from m front, but the position of the test object may be shown by 
marking the tens of degrees with little knobs and the mtervening fives witli notches, 
wliile the 30, 60 and 90° points may be marked with slightly larger knobs Such an 
arrangement does not disturb the regularity of the background, and proMcles the infor 

• Roenne (336) prefers a narrow arc used with Bjeimaia screes as a background The wide arc w more generally 
useful and should be placed in front of the screen when the latter is available 
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niation reqiurcfl A ritcljet to fix the arc in meridians at, saj, 30° intemls, ficilitatos 
accunc> and rapidity of isorking and is an advantage 

An important matter is the ndius ot the arc iferc again questions of cqiedicncy 
arise The size and cumbersomencss of the penmeter increase rapidly w ith the radius of 
the arc, and if portability is desired, {iimtation becomes essential In general, the radius 
%aries from 250 mm foi small instruments to 300, 330 or 333 mm for hrger ones Port- 
nble instruraent«, such as hand perimeters, are cons cmcntly made ivith the '’in dlerraduu^, 
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while the larger is suitable for instruments which do not require to be mucli moved about 
Perimeters \Yith a radias of a metre have been constructed (Llhot, Hudson, Hack ay), 
and are suitable for more or less fi\od permanent positions The\ are inconscmcnt m 
clinical work and offer no ndiantage of Aahie 

It has betn suggested that the short ridius perimeter imposes too great and con 
tmuous a striin upon accommodation, especialU in prcsbjopcs There is no cMdenci* 
that tliLs occurs to such an extent as to hamper ihc examination or to gi\e n^e to ims 
!c iding rc-nlts 'J lie fit Id of theatropunseti cjcisnot reduced in size, hut ritherincrcascd 
owing to the greater itlmission of light 

The fixation object should consist of a disc ntt ichcd at the centre of rotation of th^ 
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arc The size depends upon the reqturements o/ each case A w hite disc ith a bkch 
centre assists steadiness of fixation and helps to avoid fatigue The disc should not 
glitter or dazzle and for general purposes it may be made of matt ^\hite caid or paper 
about 3 mm in diameter At the centre of rotation of the arc a small hole about 0 o mm 
in diameter is bored and the disc may be attached by passing an ordinary black pm cut 
to a suitable length through its centre In this uay the size and shade of the fixation 
object may be altered at uall In the case of a small perimeter it is con% enient to have a 
similar hole at or near the extremity of the short limb of the arc so that the fixation 
object may be placed there if desired This has the effect of extending the arc to 100° 
or more though it may measure only 80° from the centre of rotation according to the 
distance along the short limb at nhich the fixation object is placed It is undesirable 
to have a permanently marked and unalterable fixation object Sometimes a small 
mirror is used Tins may assist fixation m some cases but is unsuitable for accurate 
work close to the fixation point 

^\e now come to one of the most important points in perimeter construction 
Should the penineter be mechanical or not t fjje mechanically actuated carnet 
holding the test object and moving aloiig, the arc and the automatic recorder for charting 
the field m their various forma arc very attractive and thcorcticalU seem well adapted 
to the work Opinions vary as to tlicir adv intagcs and tlie wTiter is one of fliose who 
hold that such appliances are undesirable and for the following reasons — 

1 The movements of tlic test object are too limited It is impossible to make 

the object appear at anv part of the field or disappear at wall or to shake 
it or move it irregularly or suddenly change its colour or to bring a small 
test object close up to or past the fixation point Aeciirate nork close to 
the fixation point cannot be done wath the usual form of carrier 

2 Too much time is occupieil as the carrier moves relatively slowly and rapid 

interchange of test objects of various sires and colours is impossible 

3 The carrier attracts the attention of the patient by reflecting light and because 

it IS not absolutely noiseless 

4 The surface of the arc becomes nibbed and tends to glisten The carrier is not 

suitable for a cloth covered arc or one wath edge markings 

5 The test objects are easily soiled and troublesome to replace In some earners 

they are liable to be partly overshadowed by tlie edge of the hole in which 
they are exposed 

G The apparatus is complicated liable to get out of order and adds greatly to the 
expense of the instrument 

The limitation of movement referred to under (1) is by itself sufficiert to destroy 
the value of the mechanical penmeter as it is essential for the examiner to be able easily 
and quickly to check the patient s responses 

The first three points make it difficult both to avoid suggestion and to mtroduce it 
at wall when desirable The mechanical perimeter is therefore unsmtable for the 
examination of suggestible individuals 
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Tt IS (lilRcult to think of any KUantages ofiered by the earner and it is noteworthy 
tliat experienced penmetnsts are pncticallj unnnimoiLs in condemning it * while the 
most important perimetric w ork has been done uith tfie simplest non mechanical instru* 
ments (tide Koenne \^alkcr, and others) Although it is tnie that the best modern 
perimeters are constructed so as to overcome some of the objections mentioned }ct no 
meclnnism 1ms been devised which affords the same facihties for ease rapidit) and 
iicturac} of working as arc provaded bj the manual use of several double heed test 
objects mounted on suitable holders 

Tlie question of automatic recording apparatus is closelj bound up wath that of 
the nicchanicd carrier though somewhat simpler The system bj which a needle 
point moves in unison vvitli the earner enabling the chart to be pricked out lias all 
the defects mentioned above A better plan is to attach the chart to the back of the 
perimeter so tlmt it rotates with the arc as m I’ncstlev Smiths model and can be 
marked b) hand watli a pencil If the back of the perimeter is provided with a Urge 
revolving plate and a laige cliartisused tins arrangement has some advantages and the 
circular scale of degrees at tlie back of the perimeter may be dispensed wath its place 
being taken by the chart Limitations arc however introduced and the freedom of 
action of the penmetnst is somewhat curtailed so tlmt the advantages turn out in 
practice to bo more than couirtetbalanced In this matter as m all penmetr) good 
results (lopond upon the worker rather than on his tools 

rite stand sliould be light and prefer iblv made of wood and arranged so that the 
w hole instrument can be tilted backvv ards m var) mg degrees Tlie upright upon winch 
tlie arc is pivoted should be as broad ns is compatible with portabihtj and convenience 
and it should extend several inches at least above the level of the axis of the arc In 
this wa} a large background is provided which liclps to obvaate distracting influences 
and enables the vvorker to collect las tcst-objccts charts etc in a position wlicre they 
cimiot lx seen bj tiie patient It al'^o provides ample room for a largo circular scale 
of degrees to indicate the meridian m which the arc is standing The slender iron pillar 
so commoiiU found — often brightly enamelled — seems to have been designed for 
appearance onlv 

A simple adjustable chill rest v\ith a separate fLxed point in the form of a button or 
knob which touches the lower ejehd so that the visual axis mav be brought trul} to the 
axis of rotation of the arc completes the essentials of a soundly constructed perimeter 
The perimeter figured (Fig 8) embodies the points mentioned though capable of 
improvement and is a modification of Priestley ^mith s mode! The radius is 2 j 0 mm 
the chm rert IS omitted Fig 0 shows n ?30 mm model wath semicircular arc 

As a comment on perimeter construction in general it seems significant that students 
of penmetrv such as Roeunc and ‘N\nlker should advocate the simjile non mechanical 
short radius tv pc of instnimcnt 

riio ponmetor should stand ujion a firm table prcferahl) with a bhitk cloth surface, 
Nvhich c in be rai'sod or lowered ns requirerl 

Lp to the present most perimeters have been constructe<l for iw b\ davhght 

* Eg Schciari>enmet<T»in4 fttunroUm (novtmoSlj) 
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Satisfactory results may be obtained by usmg two lamps, one at each side of and slightly 
behind the patient, arranged so as to illuminate the arc In the future it is probable that 
a definite artificial illumination provided by a lamp attached to the perimeter wull be 
more frequently utilised (Fig 11) 

Special Perimeters 

Many different forms of perimeter have been designed for special purposes Amongst 
these we may notice the hand perimeter, a small compact portable form useful for 
examming fairly gross lesions m patients who are ill or bedridden, and meant to be held 
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m the hand of the observer or patient Perimeters with special stands for use with 
patients m bed have been designed, and also folding portable forms (Wilbrand, Holtli 
and others) 

The development of neurological perimetry may be expected to largely increase 
the use of instruments adapted for the examination of patients in a reclining position 
m bed or in an armchair 

For general work an outstanding design is that produced by Walker (448) The 
instrument has no mechamcal accessories The radius is 28 C cm and a sheet of thin 
brass curved to this radius forming a considerable segment of a hollow sphere is 
attached to the arc, so that not only one meridian but a large area of the field may be 
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cxa)mno<l (luring one position of tLe arc, and also the test*object may be moved in an}* 
direction U'ith great freedom. For bospltal use this perimeter is attached to an overhead 
s\ispensiou apparatus in a special perimetry room, enabling it to be properly adjusted 
to a jiatient in any position whetber seated or reclining. 

The elaborate refinements of the Feree-ttand instrument have not yet been proved 
to be of special value in clinical ivorh, while their utilisation entails the serious disad- 
vantage of prolonging the time required for esaimination. 



A recent perimeter, ^e^y scientifically and elaborately constnicted but unfortu- 
nately verj* expensive, is that of Ooldmann* (Berne). Its clinical advantages Imve yet 
to be determined. 

Self-lit or electric jierimcters have been advocated from time to time, but have not 
yet come into genend u«e ; they are apt to be elaborate and costly out of proportion to 
tlicir clinical value. In such instromenta the fixation object consists of a small spot 
electrically transHIuminatcil, and the tcst-obje<'t is prorided by a carrier containing a 
small lamp wth colourwl gla«ises and diaphragms of different sizes. In more recent 

• (>>Ilm4n/j. II. “ IVnmrirp A {<ra^nrt»w ram?»trrmrft> natoraatJ^of.*’ cpfculfflol/ipfjup 

tie I Unurwilf dp IV-rnp HU 
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models a beam of ligbt, white or coloured, is directed on to the arc from a specially 
constructed lamp As the instrument is to be used in the dark raechamcal recording 
and the carrier, with their limitations and inconveniences, are necessary, while it is 
impossible to observe, much less control fixation Electrically illuminated test-objects 
attached to the end of a rod for dark room screen work have also been designed The 
subject will be further referred to under dark room perimetry 
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The Screen, or Campimeter 

The screen consists essentially of a square of black velvet or other suitable dark 
coloured material, without obvious pattern and as free as possible from seams or mark 
mgs, stretched upon a fixed frame fight enough to be easily moved The best size 
IS 2 m square Roenne gives the dimensions as 2 m high by 2| m mde Smaller 
screens may be used, but the larger size should always be preferred as it is incomparably 
superior as regards ease and accuracy of workmg The fixation object consists of a disc 
of matt white paper or cardboard attached by a black headed pm to the centre of the 
screen, which should be reinforced at this pomt by a small piece of felt stitched on at the 
back This holds the pm firmly and prevents the development of a hole at the centre 
The fixation object is usually about 5 mm m diameter, but may be of any size suitable 
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to the case under examination ; it should not glitter or shine and it is well to have 
several discs of difTorent sizes available, from 3 to 4 mm. upu'ards. 

A small marlv, innsible except by direct fixation, may be placed on each side at 
about tlic centre of the blind spot at 2 metres. 

It is convenient to mark the edge of the screen at every 10® by a stitch of coloured 
wool, using dilTcrent colours to indicate the chief meridians. The surface of the screen 
may be marked by a dark blue chalk pencil in concentric circles at 5® intervals correspond- 
ing to a tangent scale of degrees at 2 m. since the screen is to be used mostly at tliis 
distance. The vertical and liorizontal meridians may also be shown. Such markings 
arc almost invisible to the patient and facilitate charting of the fields. Some perimetrists 
(Uoenne) mark the screen in concentric circles 10 cm. apart with the fixation object ns 
centre. The value of these circles in degrees is then ascertained for each distance of the 
screen from the patient from specially preparwl tables.* The fixation object must always 
be placed at the centre, and if the circles correspond to a tangent scale at a certain 
distance, they wll only be of use at that distancc- 

A simple and convenient plan is to use an ungraduated screen and make the readings 
from a tangent scale appropriate to the distance adopted, In this way a screen of any 
size may bo used at any distance with the fixation object attached anywhere on its surface, 
provided only that the requisite tangent scales, which arc easily found from the tables f 
pven by Jfaddox, arc available. The only drawback to this method is the slightly longer 
time consumed in transferring the findings to a chart, but this can easily bo done by a 
lay assistant (secretary or nurse). 

A liberal .supply of small black-headed pins should be at hand, and may be kept 
in a pincushion attached to the screen. The shafts of the pins should be onameiled or 
made of metal which docs not corrode easily, as rough rusty pin.s are dilficult to work 
with and damage the screen. When not in use the pins should not bo left in the screen. 
Two or three varieties of pin x\-ith different sizes of head (which should, if po'isiblo, be 
matt and not glitter) are convenient for demarcating diftcront isopters. 

‘Walker, who made most elaborate studies of the mathematical considerations 
underlying perimeter and screen construction, dc.signcd a special combination .screen 
consisting of two screens semi together in such a way that three separate surfaces can 
be pTc-sented. These are marked for use at 1,500, 2,000 and 2,500 mm., so that no pins 
arc required, and tlic screen is constnictcd with n curve, so that the iLsual error due to a 
flat surface is reduced to a minimum. Another form of campimotcr with curved surface 
is the umbrella, which, tliongh previously not unfamiliar to perimetrists, was also 
elaborated by Walker. An umbrella of 1,000 mm. radius provides a field of 45®, or 
more if eccentric fixation be u.sed. Walker marked hi.s umbrella for use at distances 
varying from 500 to 2,500 mm., and calculatctl the errors due to cur\*ature and method 
of marking. 

For exact work, such a.s is requiml when comparisons are to be made at a later date, 
a chin-rest is c.‘!sential for use with the ficreen. It should bo adjustable as rcgard.s 
the chin and forehead and the height from the ground, ami must be comfortable. The 

• Api^-ndu, T»lile II., j». 3*>1. t Aj>per>di*, T»blo I., p. 301. 
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chin re«t used ^\ it!i the corneil microscope or shtlamp attnclied to an adjustable table is 
\c^^ romcnient 

A number of different designs of campimeter ]ia\e been brought forward at 
different times Some of these raav be mentioned here 

The screen ma) be marked on the back and small steel discs coated inth celluloid 
and controlled from behind the screen bj a magnet are used as test objects this 
method an\ confu-sion due to the object carrier is eliminated This ad\antage howe^er 
is onK of ^ alue in connection with objects less than 3 mm m diameter and other limita 
tions are introduced 

Be%ol\mg scotometers ha\e been designed b} Priestlej Smith Elliot and others 
Here the test object is fixed to the screen which re\oIves around the fixation object 
In tins wa\ the circular traversing of the field by the test object is facilitated and the 
patient is not distracted b) the presence of a bolder This tj pe of instrument ne\erthe 
less does not present ail} substantial advantages o\er the simple screen as the limitation 
of the mo\ement of the test object hampers the freedom of the obset\er and is certain 
to influence the results The ophthalmologist who possesses and can use a screen and a 
set of graduated test objects wall not find that an} thing is to be gained from the 
mechanical scotometer 

A immature screen such as a piece of matt surfaced black cardboard or black cloth 
upon a stretcher about half a metre in diameter is often handy for rough and rapid 
prchminar} work 

Apparatus for penmetr} or scotometn when fixation is bad e g when tlic scotoma 
IS central and so dense that a fixation object of the usual size cannot be seen is ustiallj 
constructed with the object of making use of the sound eje Thus the method of 
Schlosscr depends on the use of a coloured gla«s (red or green) before the fixing eje the 
field of the other e} e being taken w ith a test object complementar} m colour In Ilait? s 
method fusion of two charts one Msible to each c}c is obtained by a stereoscope in the 
usual wa^ and tlie central field of the affected c}e can be examined while fixation 
IS go\emed b} the soimd c}e An excellent but expensive instrument of this t}pe is 
the stereo campimeter of Ilovd Walker dc\ised a macular selector and other 
instruments with the same object Such appliances require \er} careful adjustment 
and great intelligence on the part of the patient if inaccuracies due to heterophona are 
to be a\oided while the) do not help if both e}es are defective For ordmar% clinical 
purposes even when vision is well below ^ satisfactorj results w ill usual!} be obtained 
if the fixation object be made sufficiently large and distinct Even when the fixation 
object IS not well seen most jiaticnts of average intelligence can fix well and fairl} 
ste idilv This is parth because scotomata are not often absolute ov er the v\ hole macular 
area and parti} because the patients sense of direction in the case of an eve that has 
proviousl) seen well isvcrv accurate Apatient with a hcmianopic scotoma will sav that 
when he looks at an object he sees onl\ half of it but when he looks to one snlc he 
secs the whole of it and one with a central scotoma knows that he sees the fixation 
object better when he is not looking ‘ at it Thus bv getting the j)atient to find out 
where the fixation object IS bv using both cv cs orbv paracentral vi ion and then to look 
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“at” it, even if lie does not see it best that wa), quite sitishcton fixation can be 
obtained m most cases of ccntnl scotoma In large and dense scotomata the patient 
nia) feel for the pm m the centre of the fixation object, and then fix upon tint point 
Marx idvised a nhite ring with a black centre and found tlmt patients with central 
scotoma could fix the centre of such n ring to mthin 1 to 2^ an error which will nrelj 
be of importance in regard to the field periphery As central scotomata are examined 
at a much longer radius on the screen with which fixation under adverse circumstances 
IS as a rule, more accurate than with the periiueter, errors due to unsteadiness are 
TchU\el} diminished 

Test-Objects 

1 Shape — The object should be circular with two plane surfaces 

2 Size — Each object should be of known area, and a set of objects should proxide a 
range of stimuli suited to the lanous degrees of Msual acuity present in the field Size^? 


9 
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■? Colour — Mhite red blue and green tests are emploj cd White and red are the 
most useful colours Blue and green arc rirelj requited The objects maj be arranged 
so as to ha\c a different colour on each surface, cff , white and blue, and red and green 
Bed blue tests arc occasionally useful Such objects may be silcntU and almost 
instantaneously reiersed, changing the visible surface 

The question as to exactly what tint should be selectcfl is difficult, as it is neccssan 
to utilise wliat can be rcadilv obtained in the market The hues should be as pure ns 
po-vsible, and should not contain too much white, though they should be sufliciently 
bnlhant to be quite obvious to the average individual If too much white is present 
red is apt to be c died vellow and green white and it is difficult to evaluate the patient’s 
resjKin'ses, especially in hospital practice 

4 — Matt siirfacwl paper js in inanv wavs the best materiaJ espcciaJiv 

for small objects In some respects cloth is better, but it is unsuitable for objects below 
10 mm in dnmetor 
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6 Construction — The paper discs are mounted on thm mre stems about 2 inches 
in length whicli fit mto the end of the holder 

6 The holder is a thin w and about a foot long for the perimeter and from 30 inches 
to 3 feet for the screen In order to render it unobtrusive it should be as slender as 
possible, and to a\oid undue vibration tapermg is advisable, especially m the case of 
the long bolder Metal or wood or a combination may be used The handle should be 
of ood and should have plane surfaces, and the thin end should be armed with a small 
piece of fine tubing mto which the stem of the test-object is inserted so that the surface 
of the object is parallel to one of the faces of the handle By this means the obsener is 
enabled to know that the surface of the test object is aluajs correctly presented to the 
patient, a detail aerj easily overlooked The holder and the wire stem of the test- 
object are painted matt black 

Properl} made and properly managed holders do not distract the patient’s attention 
from the test object In recent years projection apparatus has been introduced with a 
view to removing aii} source of distraction, but its disadvantages outweigh any possible 
g'lin 

Suitable test objects, tanging from 1 min to 60 or 70 nun m diameter, ma} be 
obtained from instrument makers and it is well to have a supply of coloured and white 
(Uses for their renewal w hen soiled or damaged Objects below J mm m size are not 
to be recommended When a visual angle less than (10 4') is required, it is better 
to use the screen or to test ivith colour A set of white blue and red green tests of 1, 2, 3, 
4, 6, 6, 7 6 10, IS 20 30, 40, 00 and 70 mm with 5, 10, 20, 40 and 70 in red blue is 
ample for all requirements For most purposes, 1, 2, 3, 5, 0, 10, 20, 30, 40 and 70 m 
white blue and red green will suffice , red blue, if required, can be extemporised In 
practice it mil be found tliat while the 1 mm white object is in constant use coloured 
objects less than S mm are rarely required 

Test objects must be kept clean, and if much used may need frequent renewal 
Colour tests maj be graduated either by keeping to one intensity of liue and varying 
the size of the object, or b} varying the intensitj of the hue while keepmg the size of 
the object the same While the latter method may be of value m special circumstances 
the iormei p^au is to he preierred on several grounds With hold hues the patient can 
usually say fairly definitely whether he can name the colour or not, whereas if the 
hues are pale, they are apt to be responded to m such a ivay as to leave the examiner 
considerably m doubt, unless he is very confident m the patient’s intelligence and ability 
Moreover, pale hues, if soiled, are unreliable 

Up to the present no standard colour tests have been generallj adopted but it is 
to be hoped that a solution of this difficulty will soon be obtained 

For special purposes the individual penmetrist may devise test objects of vanous 
kinds, eff, those of Evans for “ angioscotometiy,” which are made down to 025 mm 
in diameter from thm sih er wire 


Charts 

Charts for recording the field should be as large as possible ivithm piactical limits 
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The paper should be smooth and thin so that tracings con easilj be made The printing 
should be done in red or terra cotta ink against \rhich the inserted field will show up 
well The radii should consist of lines of dots at definite distances apart and should 
bo placed at intervals of 10® In this vniy a pomt may be located to nithin half a 
degree Separate charts on different scales ma) be used a small scale for the periphery 
and a larger one for the central area or two scales may be combined in the same cliort 
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}f accunc\ in tJii ccntril nrei is tlPMml n «5CotoHm chirt on i spctujlJ^ Jn^e ^nle is 
npctvvin (1 10) •sinplc clnrt *.houUl consist of T complete circle, and ncitlier 

tlie iioninl field nor the himd ejKJt should lie indicMcd This renders the tlnrts 
ju nhhle for either t\o niid encouri^'os the production of in indcjiendcnt ‘iiid urihnssed 
utord iind keeps the chirt free of undesiniblc mirkiiif's 



Dm mmil>oriiv of the nicn<lniis idiould prthribK rorres|Kjiid to tint cotnintnih 
etiij lousl for itr^m tml •'hoiild the sawh* for fK»th eics A Ufiiforrti stifKlml 

notition IS ih'sirihle The lOinnutUc on fct indardis.ition of PcriiiHtn of tlit Inter 
intional Oiihthilmolo^ical ( ojyrc vs loj*! rtcommende<( that the not ition should In^nn 
It the left end of the honrontal tnendi in and pass elm kMi‘'c round the circ h (I 14) 
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As the field defect occupies a portion of the inside of in immense lloIIo^^ hemisphere, 
it IS not possible to design a chart upon which the shape, size and position of such defects 
can be trul} represented Charts Jiaae been designed (Roenne, 348) to compen'^ate for 
this difficulty as far as is possible, but if it is remembered that the projection of the 6eld 
on to the chart is purelj arbitrar) and that the defects marked out ha\ e not e\actl\ the 
same shape as the> ha\e in the actual field of the patient, a frinkly diagrammatic pro 
jcction, such as that afforded b} the commonly used Forsters chart, mil be found 
satisfactory This form (Figs 14 and 16) has been used in the illustrations From such 
diagrammatic representation the data maj be transferred to other forms of chart if de'siirod 
Since the field shoivn upon the chart is intended toreprcsentthepaticnt ssubjectiic 


impressions the field of the right ey e is placed on the 
right and that of the left e) c on the left side of the 
chart yyitb the temporal field of each c\c to right and 
left respcctivelj This is known as the “ph)'sio 
logical ” representation of the field Some perimctnsts 
advocate the “ anatomic ” representation placing the 
chart for the right field to the left of that for the loft, 
as if the observer were looknng at the patient’s fields 
from m front and tow ards him Bv this method a 
right sided hemianopn is show n as a defect on tlic left 
sale of the chart All the fields shown in this book 
arc drawn according to the physiological method 

For use with an unmarked screen a tangent 
sc lie IS required 

Sinclairs rule consists of a strip ofboviiood 
I m long and about 23 lum wide, marked on one 
side with tangents of degrees at 1 ra , and on the 
other side with the same at 2 m It is useful for 
nt<n^ctcng the cfe^t'itKe betaeefi ti/c patient /irtd the 
screen and then for determining the position of the 
pins For tins purpo‘?e the angles may be obtained 
from the stitches placed round the screen, or from a 
protnetor on a stand into which the nile fits This 
IS a handy and ripid method, as the rule remains m 
position while the chart is being marked 

Bhck gloyca and a black goivn and hooil are 
accessories whieli are both desirable and useful, 
though perhaps more suited to research irork than 
to the often unayoulabl^ luirned examination of 
tlie clinic il ophthalmologist At the least when 
using the screen a white coat should not be worn, 
as tins induce> a di«conccrting after imapC Mhcre 
{Kssible |K?nnietn should be conducted in o room 
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set apart for the purpose and not in the dark room used for ophthalmoscopj and the 
slit lamp The walls should be dark, and, as far as possible, non reflecting, and all 
bright or contrasting objects should be placed outside the patient’s visual field 

The perimetry room brmgs us to the subject of illummation ^\Tiat is required is 
an even illumination of the arc of the perimeter or the surface of the screen The light 
should be steady and not too bright For this purpose standard artificial illumination 
IS the ideal method and maj be obtained from a lamp of about seven foot candle power 
attached to the perimeter For colour fields a filter should be added 

If daylight is available the penmeter should be placed facing a \nndou, preferably 
a ^ er} %Mde or a bou wmdov, , or, even better, between two umdows with a stead) light 
free from direct sunshme, and for ordinary clmical work this wall suffice The windows 
should have suitable adjustable shades Under these circumstances, however, it is 
ob\ious that the illumination of the test objects wtU vary from day to day according to 
the weather and the hour, and also, on the same occasion, according to the position of 
the arc of the perimeter and of the object upon it It is difficult to obtain uniform 
illumination of the surface of a large screen by the usual form of window In an) case, 
slight or moderate variations in illummation do not affect peninetric findings m such a 
wa) as to vitiate diagnosis, but it is alwa)s advisable to take precautions to reduce to a 
minimum the influence of this factor This applies mainly to the estimation of progress 
b) a comparison of findings obtamed upon different occasions or to the search for faint 
traces of modified function by the use of ver) small test objects Even on wmter after 
noons good diagnostic work can be done if a smgle electric lamp is placed about a jard 
from each side of the patient’s head 

While all such refinements m apparatus and method are undoubtedly of value and 
perhaps especially in regard to research, their usefulness or, at the least, their necessity 
must be estimated wuth a due sense of proportion and perspective It must be remem 
bered that perimetry is not an exact science but a subjective test, and that m any case, 
even with the most accurate apparatus and illumination the cornea, pupil and lens of 
the patient introduce factors whose influence vanes m different cases, and m the same 
caseaccording to the position of the test object on the arc of the perimeter The general 
result IS that with the same size of test object, the stimulus to the retina is, on the whole, 
less the more pcnpheral the position of the object This is ob% lous in regard to the pupil 
which presents a more or less slit like aperture to ra)s from a laterally situated source 

In realit) , as pomted out by Roenne, the difficulties of perimetr) , such as the) are, 
are not ph)sical, but subjectue The patient presents a complex of vanable mental 
and ph)sical factors which cannot be controlled and are difficult to estimate To these 
must be added the personality of the examiner himself Therefore, although strict 
precautions m regard to matters which cau be regulated are wholl) desirable, such 
factors should not be permitted to dominate the attitude of the perimetrist, who should 
ne\ er allow the excellence of his apparatus to govern his interpretation of the re&ults 
obtained Perimetr) is not done by the penmeter but by the penmetrist, and simple 
tools properl) used are much less productive of wrong conclusions than undue reliance 
on the dicta of an elaborate instrument 
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JIETirODS OF EXAMINATION 

BErour the field exanimation is commenced it is presumed that refractive errors 
have been estimated and that both distant and near central vision have been tested 
The cornea and lens should be carefull) searched for opacities, which sometmies, especially 
when small vasual angles are being used cause puzzling field defects* The vitreous 
humour and the fundus including the optic disc, the blood vessels and especially the 
macular area should be closely scrutinised This evammation is naturally, not necessary 
m every detail in every case, and is better undertaken, if possible, some time before the 
field test so that the patient may have an interv al of rest 

Essentially there is only one metliod of perimetry Each field is examined separately 
The eye being fixed by suitable means, an object is moved about in various diiections 
in the field at a uniform distance from the eye and the areas in which it is seen are 
demarcated from those in which it is mv isible 

Alany refinements of this basal method hav e been devised with as w c have seen, 
special apphauces for each procedure The most useful methods of field examinntioit 
may be considered under the folloiruig headings — 

(1) TJie confrontation or direct method 

(2) Examination with the perimeter 

(3) Examination by the screen or campimetcr 

(4) Special methods 

Whatev er method or combination of methods is adopted, the jinnciplc of quantita 
tive testing should bo adhered to, and the examination should be planned to elicit the 
inttnsitv of anv defect which may be present ns well as its position and extent 

(1) The Conirontabon Method — ^Thc patient stands with his back to a window, 
having the eye not imder exammation covered by a suitable light bandage or by the 
palm of lus owTi hand The better eye should be tested first, as in tlus way the patient 
more readily grasps the nature of the procedure The exanuner stands about a yard 
m front of and facing the patient, who is instructed to look steadily at, or Jix, the 
examiner s opposite ey e If the vision is too much impaired to enable the patient to see 
the examiner a eye he should look at the exammers face, or m the direction of lus 
voice The examiner vintchcs the patient carefuUv to see that fixation is steadily 
maintained k test-object mounted on a holder is now introduced at the £)eriphery 
of the patients field in the horizontal meridian and moved across to the other end ot 
the mDridmn keeping it always at ibont 18 inches from the patient’s eve The patient 
IS instructed to indicate the point where it is fiist seen by Imn and alvo any subsequent 
points of di'cajjpoanncc and re emergence lie should not be relied upon to volunteer 
statements, but sbould be constantly Dskc<l whether he sees or does not see the test 
object in different parts of the field Tins procc'cs is repeated m as many meridians as 

• The cw » If Ml on of fic d Irfcct* due to med al «i»e tea u om tied I ul the I ty of ihclr ptrseoco ahoald not 

be forgottMi. 1 cnpheral or irrrpjlar ebange* nuy bo fonscf often aboinag contnufictoiy an J Jneorufatent feMann, 
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may be considered necessary, not less than four A white disc 20 to 00 inm m diameter 
mounted on a suitable liolder forms a useful test If an object of this size cannot be 
seen the exammer’s band may be used or a sheet of \\ bite paper Large coloured objects 
may also be employed The test object should be zigzagged slowly and moved m various 
directions as ^\ell as centnpctally, or the fingera may be alternately opened and closed, 
thus enabling confirmatory questions to be asked Circular movements are often 
valuable If jwssible the examiner should have a dark ivall beliind him An approxi 
mate estimation of the condition of the field is thus obtained and the examiner is at the 
same time able to observe whether fixation is steady Useful information may be 
obtained in many cases, such as hemianopia, detachment of the retina, or glaucoma 
where the affected area is nearly or completely blind, and also often m cases of central or 
paracentral scotoma 

Smtable modifications of the confrontation method are often useful Of great value 
IS reduction of illumination The examination may be earned out m the dark room with 
the light so arranged that the examiner’s hand or test object js onlj faintly illuminated 
If the patient is not able to see the observer’s eychc should look at bis face or to his own 
front or m any direction the observer may indicate Much useful information maj often 
be obtained when vision is greatly reduced by simply moving a large white object about 
in the field while the patient maintains fixation as steadily as possible 

In suspected homonymous hemianopia the patient may be asked to look at the 
observer’s face with both eyes open wliilc the latter holds up both his hands, one in each 
temporal field, and asks w liethcr one or two are seen and, if t\\ o, wliether both are equally 
distinct 

The confrontation method is, however, admittedly crude, and for the most part only 
capable of roughly indicating the presence of comparativ ely gross lesions In less obvious 
cases unsatisfactory results may easily be obtained Tor this reason any elaboration of 
the confrontation method is undesirable as tending to elevate it from its position as a 
crude preliminary test for gross defects As sucli it has a definite tliough limited sphere 
of usefulness in cases in which closer examination is unnecessary, and m pointing to 
the need for further investigation m others When mtcliigently and carefull) used 
almost as much and as valuable information can be obtained m some cases by this 
method as by more elaborate and delicate tests, but w hen too rapidly or roughly appbe<b 
especially by an inexperienced observer, it may be valueless 

The examination of children and of mentally affected persons may be earned out 
by modifications of the confrontation method As a rule, it is best to confine the 
exammation to a test of the binocular field for a gross defect such as hemianopia While 
the child IS looking in a certain direction an object ma) be introduced into the lateral 
field and the readiness with winch its presence is appreciated compared on the two 
sides Or an object which the child desires and can follow with its eyes, such as a 
toy or sweetmeat, maj be held before it and then suddenly jerked into the lateral field 
while the behaviour of the child is noted In the case of paralysed, unconscious, or 
otherwise mentally affected persons, a light may be suddenly flashed laterally upon 
the eyes in order to evoke reflex closure of the lids, which does not occur if the light is 
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111 the blind p'lrt ol the hemianopic field (Wilbrand and Saenger) In both children and 
adults external disturbing influences should be avoided and the results must be inter- 
preted nith caution 

(2) Eiamination by Ibe Perimeter — ^Tbe confrontation method is, in practice, an 
almost purel) qualitative test IVith the use of the perimeter the quantitativ e examina- 
tion of the field is commenced, comparable to the use of Snellen’s types for central 
vision In this case, however, it is not the ability to distinguish two points as separate 
that IS tested, but the power of recognising the appearance and movement of objects 
apart from their form, which is the special function of the peripheral retina A.t the 
same time, whatever diminishes the power of perceiving the clearness of a smgle object, 
diminishes also the power of perceiving two points as separate, so that quantitative 
perimetry mav be regarded as the testing of the acuity of indirect vision. In the 
]ight-adaptc<l eye, peripheral vision differs from central vision in degree rather than in 
character 

Tlio quantitative element is introduced by the systematic use of a senes of fest- 
objccts of graduated sizes, so as to determine for each part of the field as nearly as possible 
the mimmnl stimulus required to excite vision 

The patient must bo comfortably and easily seated so as to avoid all fitiguc or 
strain and to penmt him to conserve his attention for the business in hand. Before 
him a black screen (Bjerrum’s) should be placctl In front of this the perimeter stands 
on its adjustable table, so arranged that when the patient’s dim is on the rest a line 
connecting his eye to tlio fixation object will be a radius of the hemisphere described 
by the arc The eyes should bo m the same honzontal plane so that the vortical and 
horizontal meridians of the projected field may coincide as nearly as possible with the 
V ertical and hotironfal positions of the perimetric arc This precaution is of importance 
in the delimitation of hemianopic and quadrant defects and the nasal step of 
Roeime 

The lighting should come from behind and from the sides as already described. 
The eye not under examination should be covcrcil by a light pad not projecting beyond 
the bridge of the nose, or, if much peninctiy is being done, a special blinder such as that 
of Walker may be found advantageous 

The examiner should stand for the most part to the side of the ponmeter correspond- 
ing to the ey e not under examination, facing approximately in the same direction as the 
patient, and taking cvire not to obstruct the light falling on the test object In this way 
the riijht hand is used to hold the test object when examining the right eye and the left 
hand for the left ey e 

It is well to adopt a dcfiiutc system in regml to procedure Having cxiilamed to 
the pitient tlie nature of the ejcannimtion and shown him the test object, the examiner 
makes a few prehminarv trials in onler to see tint the patient is co operiting, and in 
onlcr to give lum a very short but neccs.«saty trunmg A fixation object of about 3 to 
5 mm m diameter ‘should be chosen if the piticnt ^ vision is good , if not, a disc large 
enough to he fairlv well seen mav be used Smaller fixition objects are not desirable 
for prolonged u-^c as thev tend to blend with the background, ow mg to the physiological 
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unsteadiness of fijcation For the same reason it is inadvisable to work v ith a small 
white test object close up to the edge of a much larger white fixation object A white 
test-object not larger than 3 mm in diameter may be selected to begin with, and the first 
few trials should be discarded It is Tvell to begin with the eye which has better visual 
acuit) , or, if there is no difference, with the right eye on the horizontal meridian, prefer- 
ably at tlie temporal side, as this gives the examiner an opportunity of verifying both 
fixation and cooperation by noting the blind spot The test object should be placed near 
the blind spot and moved slowly acioss it in various directions until the patient realises 
that he has a blmd spot The discovery of an area m which the test^object disappears 
when he keeps his eye steady enbghtens the patient as to the nature of the examination, 
shows him what is meant by fixation, and helps to secure Ins cooperation If the blind 
spot cannot be demonstrated on the perimeter an attempt should be made with the 
screen, returning afterwards to the perimeter In the rare cases m which difficulty still 
remams the patient must be regarded as unreliable This preliminary test need only 
occupy a few minutes but is important 

[ The examination is commenced by placing the test object before the arc at the 
itemporal periphery and moving it inwards at a moderate and steadj rate by a senes 
of short, slow, Zigzag movemente across the line of progression The best rate of move 
meat along the arc is soon ascertamed by experiment If too fast the response mil 
come late This ivill be discovered by moling the object in the opposite direction over 
the same area, when a considerable discrepancy may be found A rate can then be 
adopted which is suited to the patient’s reaction time and gives results which show a 
minimum of dependence on the centripetal or centrifugal movement of the object For 
this reason the first few trials are not recorded When the penmetnst has estimated 
the mental ability of his subject the examination may proceed 

The object is carried up to within 20” of the fixation object m each meridian Since 
It IS easier and more accurate, as well as less trying for the patient, to examine the centre 
of the field by the screen, the test object need not be brought closer to the fixation point 
than 20” If no screen is available the test object should be carried slowly up to the 
fixation pomt checkmg the results carefully The patient is mstructed to respond in 
monosyllables, and to indicate the appearance of the test object by “ now ” or “ yes,” 
disappearance bj “ gone,” reappearance by " back ” It is not sufficient merely to ask 
the patient to state when the object comes into sight or disappears, he must be stimulated 
by the constant repetition of expressions such as ‘ Do you see it yet i ” or “ Do you see 
it still ” Store time and energy axe saved than lost by adopting this precaution. In 
the writer’s experience response by tapping is not so satisfactory 

Care should be taken not to let the t^t object touch the arc as it soon becomes 
soiled, and useless if this is permitted 

In this way the field is examined in a clockwise direction on meridians at intervals 
of 45° or, preferablj , 30°. 

Centrifugal movements ate usually secondary and supplementary, especially with 
the small visual angles In certam cases, as when examming functional field changes, 
centrifugal movements are frequently employed ^Vhen a defect is found the exact 
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position of its boundir) is best defined by moMng tbc object to and fro across and at 
right angles to its margin until reasonable accuracy can be assured iVs a rule it is 
better to mo\e the object from the blind to the seeing area Circular movements arc 
\cr) useful for defining boundaries which lie approximately radial m direction, such ns 
the edges of a wedge shaped or quadnnt defect The arc is rotated to and fro while 
the test-object is held before it at successive points The necessity for such to and fro 
mo\ cmcjits is, of course greater n hen the edge of the defect under examination is sloping 
than u hen it is abrupt and it is due to a factor which influences all pcrinictnc cxamina 
tions the boundary under examination tends to be displaced in the direction of the 
mo^cment of the tost object It is, as it were, pushed onwards by tlie test object and 
tins applies whether the object is mo\cd from the blind to the seeing area or vice aersa 
In the former case tlic seeing area becomes diminished in the latter increased 

The blind spot, for example, when inappcil out on Bjerrura's screen, is usually 
foimd a little smaller by movements towards its centre than by movements in the 
opposite direction, and the highest degree of accuracy is obtained by a combination of 
both at the margin A patient wall not infrequently state that the object really appeared 
or disappeared some time before he said so, tendering a repetition of the test necessary 
Ihis tendency is physiological and concemcil witli matters such as the attention and 
alertness of the patient and his reaction time It is evident t)mt rapidity and facility in 
making vanations m the movement of the test object are better attained when the 
latter is field in tlic hand tlian when it is subjected to tlie limitations necessanh asso 
ciatcd with mechanical perimeters orscotometers 

A test object of the size suggested (3 ram ) affords a visual angle of about 0 5®, accord 
mg to the radius of the perimeter, and is sufficiently large to give noath the maximal 
normal fichi, while small enough to ensure the detection of defects of moderate intensity 
If doubtful or blind areas are found, the stimulus may be increased by giving the test 
object a more or less active oscillating movement Areas in winch the object is only 
seen during active movement may be noted as dim or doubtful for that visual angle 
The intensity of any defects found is then tested by means of larger objects up to 
50 or GO mm m diameter if necessary, bearing m mind that the larger tlie object iLscd 
the more care is required in fixing a definite limit, ns the edge of the object mav be seen 
while its centre is still in a blind area TJie seeing field found previously is then tested 
111 the same wav with a 1 mm object, giving an angle between 11' and 13 , according 
to the radius in onler to elicit or exclude defects of lesser intensity Other test objects 
may be used according to the requircjnents of tbc case , the method described is a 
practical and satisfactory routine in the first instance 

Time wall bo saved and the patients power of response conserveil by concentrating 
attention on defective areas so ns to bnng out features of diagnostic importance while 
treating the remainder of the field more Buperficially, but still adequateh Thus, in a 
case of rolativ e homony mous hemmnopia, for example, m which the state of one side of 
the field requires the use of several test-objeots for satisfactory examination, it is only 
necessary to demonstrate rapidlv the mtegritv of the other side, its precise extent is 
rarelv a matter of importance 
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The Ezanunation mih Colours 

Colour testing is earned out in a simihr ua\ with objects of graduated sizes 
Although main of the results obtainable bj colour tests are perhaps more easih and 
more accuratel) secured bj the use of small visual angles with white this method bj no 
moms supersedes the use of colours which in certain tjpes of defect gi\e valuable 
information Tiit substitution of colour for white is an easy and convenient method of 
reducin^ the strength of the stnmihis without re<lucing its area wlucli in fact is increased 
as tl p tost objects used arc larger 

Coloured objects maj be used in two ways the recognition test and the visibility 
te-it Tlicse two methods should not be confused 

The colour recognition test requires the patient to indicate when the tost object 
aeqmrcs or loses its true colour Thus a rc<l object moved towards a defect which his a 
sloping edge is first seen as red then pinl then yellow and may finally disippeir 
altogether if the defect is dense and the object not too large M lien tlie object is moved 
aw TV from the defect the order of the colour changes is reversed The edge of the defect 
IS marked at tlie point at which the red colour begins to fade or to appear definitely 
recognisable 

This test makes a relatively severe demand on the patient as it is easier for most 
persons to say w hctlier a w hitc test-object is visible or not than to state the moment w lien 
an object alrc id^ v isiblc and of apparently indeterminate colour acquires a definite hue 
To obviate this difhculfcy Roemie adopts a comparison test and makes the criterion 
of the limit of the red field for example not the point wliere the patient thinks he c ui 
recOpiusc the red colour but the point vvlicre he can tell red from green The patient 
should be shown the colours beforehand in large objects to make sure that he can recOj, 
ni‘50 and name them and the observer must svtisfy himself that the colour is recognised 
bj Its line and not by its shade During the test it is better that the patient shouhl 
not know what colour is being used hence the advantage of having the objects 
diflcrently coloured on the two sides so that the colour may be instantaneously and 
silcuth changed \s with white a few preliminary observations should be made and 
the first few results discarded The test most useful to commence with is a 10mm or 
5mm red Ihcsainezio/agmovemcntsarccmployed and the point at which the colour 
is recognised not that at winch the object is seen is noted Different sizes or difTcrcnt 
colours may be used as the occasion indicates The evaniinatioii should be earned out 
ns ripilh ns possible omitting imnecessary work on important parts of the field as 
jiroloiijyCd colour testing is apt to give rise to unsatisfactory results 

Ihe colour visibilitv test uses the colourc<l object ns a target which refltcts less 
light than a white object of the simc area simply as a relatively dim object The edge 
of a defect is marked at the plaecwlicrethcobjcct becomes visible or invisible according 
ns the object is moved from or tow vrds the densest part of the depressed area ^his 
test offers no difficulty to the jwticnt 

The colour visibility test gives a much larger field for the same size of object than 
the colour recognition test Thus the field for 2/2000 ted bv the former method is little 
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smiHcr thnti that for 2/2000 white while b> the httcr it extends to only a few degrees 
(Seep 12) 

13otli methods ]ia\e aiUantages in certain types of iraiiairment of \jsual response 
and ill difficult cases both methods should be used and their results compared 

Colour testing is a part of q\i intitatne penmetry, not a different kind of penmetr) 
oppo<5ed to pcrimetn wnth white objects It has the advantage tfmt a delicate tost is 
pioiided with a comparatively large object It cannot be entirel}^ replaced bj the use 
of small \isual angles with white since it differs from tins mode of examination in one 
important respect In colour testmg a relativeU weak stimulus is applied to a Urge 
areaoftlierotma , in the case of thesmnll white test objecta rclntivelj stronger stimulus 
IS applied to a %er} minute retinal area Colour testmg is tlierefore more closely related 
to testing bj reduced illumination 

Colour testing is thieflj useful for searching for defects of ver} slight intensity, for 
examining doubtful areas found by white tests, for studying tlie relation of the colour 
fichls to those for white (sec p G2) and the qualit) of relati\e defects, and for making 
sure that an apparciitl) nonnal field rcalU attains the normal level Its value should be 
Citimnted on the basis of tlie field changes as a whole, not on t)ie results of the colour 
tests alone 

Recorduig 

Hccording is done b} markuig the field on a chart by liand, memorising seaenl 
meridians at a time, or, better, bj dictating the figures to an assistant who notes them 
down 111 sequence and at tiic same time sketches in the field It mil be found best to 
depict the field as it appears to the patient (see Chapter I) The name of the patient, 
aision witli correction, and date sliould be included The sizes of the objects used must 
not be omitted, and arc best noted as alrcadj- do'^cribcd by using the object as the 
numerator and its distance from the eye ns tlie denominator of a fraction, a method 
which Ins tile advantage of indicating all the factors concerned 

Perimeter exaniumtiou should be rcgardetl as mninl} a method for determmmg 
the condition of the peripheral zone of the field The central area and the blind spot 
ma} be quickly exidored, hut the patient’s endurance should not be tried bj spending 
too much time in working out intricate or difliciUt details m these parts as the} are 
much more rapidlj and cfiicientlj dealt with bj the screen 

(3) Examination by Bjerrum’s Screen. — rollowing the examination bj the penmeter, 
the central 30^ of the field should be macstigated with suitable visual angles Small 
angles are obt uned by increasing the distance of the tcsfc-objcct from tlie eye up to 4 m 
or c\en more, if ncccvssar) Koenne works at 2 m , winch is imdouhtcdlj the most 
sati’^factor) distance for the great majontj of c is<s In neurological work Walker found 
the most useful distances to be 1,000, 1,500, 2,000 and 2,750 mm The greater the 
diHtance tlie larger is the projection of the defect, but be>ond a certain point practical 
inconicmeiiccs arise 

llie purpose of tlie screen test is not mercU to dimimsli tlie stimulus, winch can 
be done m other wujs, but to increase the area roscred b) the projection of defects so 
that tilt) maj bo more easil} and accurateb mapped out and analvsed It is onb m 
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this way that the details of large central defects and the size and shape of small ones 
can be demonstrated At the same time the screen test should never be regarded as 
replacing but as supplementary to ordinary perunetrj 

The 2 m screen at a distance of 2 m is greatly to be preferred, though much can 
be done with a smaller screen at 1 m if space is restricted For the detection of early or 
doubtful changes a working distance of less than 2 m is of little value. The method is 
the same in either case, and, m the following description, it is assumed that a 2 m 
screen at 2 m is hemg used 

The patient is comfortably seated at the distance selected and the lighting is arranged 
as for perimetr) . Care is taken to see that the head rest is comfortable, though for rapid 
nork in simple cases the rest is not essential A fixation object adapted to the visual 
acuitj is chosen A dull grey disc about a centimetre in width, but larger and white if 
vision IS poor, is suitable, and is attached to the centre of the screen by a pm vnth a dull 
black head about 3 mm in diameter, so that it appears as a circle with a black centre 
For fine work close to the fixation pomt the disc should be very small If the centre 
of the screen is not quite on a level with the patient’s eye no great harm ensues as the 
error introduced is mamly at the periphery of the screen and is very small at 2 m Tins 
error may be compensated for by slightly tilting the screen forwards or backwards to 
bring Its piano perpendicular to the visual axis 

If small objects are used, the patient’s refraction should be corrected for the distance, 
and the appropriate lens, which should be circular and large, is conveniently attached to 
the brow by adhesive plaster, or may be placed in a frame so arranged as not to interfere 
with the visibility of the test object * 

The examination should agam be systematic commencing with the right eye if it is 
to be examined, and begmmng with the blind spot A few minutes should be spent in 
instructing the patient and showing him the test-object 

A white test object of about 40 mm is suitable It is first held near the edge of 
the screen on the temporal side of the field slightly over 20° from the fixation object and 
about 5° below the horizontal mendian Having ascertamed that it is seen there, 
it 13 moied towards the fixation object, when it should disappear at about 18° and 
reappear at about 13° from the centre At these pomts pms are rapidly inserted by the 
unemployed hand, and the observer makes sure that the test object is not seen when 
placed betw een them Then from this pomt as centre the blind spot is outlined by moving 
the test-object from its centre to its periphery The edge of the 40 mm test object does 
not come into sight as a sharply cut curve, but as a slightly diffuse white glow The 
patient should be warned to expect this and should be asked to indicate the moment 
when this glow appears and not to wait until a large part of the object is clearly visible 
The pomt where the glow becomes visible should be marked by a pm imtil the bbnd spot 
IS demarcated by eight or more pms at approximately equal intervals Should the posi 
tion of the edge appear doubtful at any part a to and fro movement across the doubtful 
line should be employ ed until the exact boundary can be determined It is essential to 

• The nse of » lens in tius position sljgbtly •Iters tlie Ttsnal siigle subtended by the test object and ibo extent of tbo 
field found (see Roenne 33(3) 
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commence the cxaminiition of the central field on the screen by tbe location and demarca- 
tion of the blind spot. The establishment of the correct position of the blind spot 
indicates that the patient’s fixation is accurate. Inaccuracy is almost invariably due 
to wandering fixation caused by inattention or involuntary following of the object with 
the eye. At 2,000 mm. the blind spot and its amblyopic zone can be so accurately 
mapped out that observations made by different individuals or at different times will 
iwually be found to coincide irithin a small fraction of a degree. 

If no defect has been found by the perimeter, the field is now mapped out ivitli a 
2-mm. or 1-mm. white test (visual angle 3*4' or 1*7').* The object should he moved at 
a rate less than 1 foot per second, with little excursions at right angles to its line of 
progress. With centripetal movements carried up to tlie fixation object in this way 
the boundaries of the field are pinned out rapidly at intervals of 45 or 30®. A few centri- 
fugal movements arc often useful at first in order that the patient may thoroughly 
understand the examination. If at any part a pathological change appears to be present, 
attention should be concentrated upon it, and tests made at intervals of 10° or even less. 
The test-object should be moved radially, circularly, and in any and cveiy direction 
irliich may suggest itself to the examiner for the better elucidation of the condition 
found. Slovcmcnts at right angles to the edge of the defect will he found most profitable. 
The object should be moved from the blind to the seeing areas as the patient’s fixation 
is less likely to be deflected than if he is able to follow the object until it disappears. 
The object is also apt to come more sharply into sight. If reaction time is slow, or if 
there is doubt, it is advisable to decide boundaries by to and fro movements at right 
angles to the edge of the defective area. Since the screen is a flat surface the visual 
angle subtended by the test-object becomes progressively less as the latter is moved 
away from the centre owing to the increase of its distance from the eye, though Viithin 
the limits of the ordinar}' Bjerrum’s screen the alteration is not serious. The strengtli 
of the stimulus is also reduced by the alteration in the angle of reflection of the light from 
the object to the pupil and by the relatively slit-shaped aperture offered by the pupil. 
At 1 in., if the screen is 1 m. square with the fi.\ation object in its centre, the test-object 
at the edge of the screen will be about 12 cm. further from the eye than if held near the 
fi.xntion object and nearly 24 cm. in the case of the 2 m. screen. Beyond the limits of 
tlie 2 m. screen the error increases so rapidly that the use of a flat surface becomes 
undesirable. If it is desired to examine the peripheral field by the screen, the temporal 
and nasal parts may be investigated by arranging a separate fixation object and placing 
the screen towards the side of the patient at a suitable angle, a troublesome method 
and one which is rarely, if ever, requireil. 

The test'objcct should therefore be brought a little for^vards when working near 
the edge of the screen and its face should he turned slightly towards the patient- Care 
should be taken not to let it touch the screen surface so that it may not become 
soiled. 


* ThA 2-ram. Dl>}rct forms k duliixrt knd rflUble tmt, kn<I U, prt-frnili]^ to tho i-mtii. for th<Mo who lure not 

murh Mjioripncoof thU method. In prncti*<->l haraht the 3 Ae* wnaltrr tort, !i quite depeedkhlo. The pdtirnf 

ibouh} 1« uemn! to jwj Ro«(t<mtion to fho fio!J«T. 
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The normal field for a test should extend to nearly 26° all round, thus occupy jog 
almost the vhole surface of the screen The amblyopic zone of the blind spot should 
be detennmed The internal limit of the field for ~ or round the blind spot is often 
of great importance No examination of the blind spot is adequate unless more than 
one test-object has been used A close search should then be made for defects near the 
fixation area and around the blind spot* The object may be passed several times 
vertically across the area between these two points to exclude arcuate and centroceccal 
defects, and the field immediately above and below the horizontal meridian on the nasal 
side should be examined to exclude Roenne’s nasal step In clinical work the examina 
tion w ith w hite is one of the most important tests and is indispensable To omit the 
-L test IS comparable to examining central vision with a chart which has no line below 
6/12 

Finally, colour tests may be used with the screen They are \dluable m the final 
search for defects whose intensity is so low that they are not disclosed by a white test 
as small as or are only su^ested by doubtful areas, and also m examuimg the 
boundaries of defects near the fixation point, and in other way s They should be used 
quickl) , and the largest object which will show the defect should be selected Objects 
betw een o and 15 ram are useful, and they may be used as small as 1 or 2 ram , but these 
are only of aalue for examining the fixation area and its neighbourhood When using 
minute tests, whether w hite or coloured, close to the fixation point, e y , when determining 
whether the boundary line goes round it or through it, the fixation object should be 
small and dull, or, better still, one of the blackheaded pms used for marking out the field 
should be used as a fixation object With small visual angles for white and colour 
exhaustion with restriction of the field is apt to occur in certain cases unless the procedure 
IS rapidly carried out Large coloured obj^ts ace very useful m testmg for dispioportioii, 
relatu e hemianopia, detachment of the retma and some other conditions, especially v^eii 
circumstances render small objects unsuitable, as when central vision is considerably 
impaired Darkening of the room in association wath the use of both white and coloured 
tests IS a valuable additional method which should always be utilised if there is any 
difficulty or doubt 

Should neither the perimeter nor the screen examinatiou conducted on these lines 
reveal any defect, the field may be regarded as normal, at any rate on that occasion 
A less detailed examination is inadequate and does not provide the evidence on which a 
sound opinion can be based If it is wished to make a more exhaustive search, the visual 
angle mav be reduced by using an object smaller than 1 mm or, better, by increasing 
the distance of the screen from the patient Objects smaller than 1 mm are difficult 
to obtain, preserve, and use, while the influence of psychical and other external factors 
becomes relatu ely greater 

If defects are found they are analysed by using larger wbite objects until one is 
found which is seen in the impaired area, unless, of course, the blindness is absolute 
A sufficient number of isopters to show the state of the vision in all parts of the central 
area of the field is then mapped out 

• Tlie pos^ibil ty of the preaOQce of narrow acotomata here due to the trunka of the TCisels should be reraernbored 
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The screen Ims the advantage that measurements ma^ be made in all meridians at 
once and marivod outdaring the process, so that the obsci^er sees the field groinng under 
ins e\ c and can rapidK grasp the essenti »l inture of tlic case It is most suitable for the 
e\aimnation of the central area while the perimeter is adapted for the penpher} The 
emplo} ment of a combined method u ben the whole or part of a defect is m the centnl 
area leads to sa^ mg of tune Tlic test-objects used ^vlth the perimeter are carried in to 
about 20 to 25*^ from tlie fixation point, and the blind spot and central field arc examined 
on the screen inth test objects subtending tlie same 115110 ! angles as those ««cd mth tlie 
perimeter Tims, if 5 mm and 1 mm objects are used at 330 mm radius the same 
isopters ma} be mapped out in the central field b\ 30 mm and 0 mm objects at 2 000 mm 
Althougli the same usual angles do not alnajs give quite the same fields at different 
distances tins method is sufliciently accurate, and m e\er) waj much more efficient and 
satisfactory than the examination of central defects at a short radius 

Both in perimeter and screen examination it mil be found that bettor results are 
often obtained as the examination progresses, since the patient acquires facility in con- 
centrition and in responding, but in some subjects after a certain point fatigue sets m, 
and results become uncacn and untriistivorthy Tins should be avoided by testing the 
eyes alternately (or short periods and giving occasional rests The best work can bo 
done i\itli jiatienta i\ho ba\c bad some practice ^\^lcn patients arc difficult more 
rebnbloresultsnro often obtamed mth the screen tlian mth the jierimetor , they seem to 
find the screen examination easier Sometimes, howcacr, tlic opposite holds good 

In dealing mth small Msual angles, such as 6' or less, findings shomng slight dovia 
tions from the normal field need not be regarded ns necessarily due to disease, unless 
associated mth characteristic features Thus, mthiii limits, the shape of the field is 
more important than its «izc 

If the bcrten is marked in concentric circles iihose inlue is known, after the method 
of Roonne, charting may bo done directly dimng the examination even w ithoufc prenously 
pinning out the field, and this is no doubt an expeditious method of obtaining a rccortl 
if the CNamincr is sufficiently exjicrt The marking w itb pins may be i eri rapidly done, 
without the patient ceasing to mnuitaiit fixation, ami has some advantages The typo 
of field present c m he ob^^ervccl as it takes shaj>c, and as its character becomes apparent 
the method of examination raav be modified to suit it, while doubtful parts ma\ be gone 
over agiin If the screen is unmarked the fimliiigs arc transferred to the chart bv a 
tangent scale, such as Sinclair’s rule, aided, if desired, bj a protractor on an adjustable 
stand During charting the patient is resting with both eyes open If possible, tlie 
hgnre> mav be dictated to an assistant os with the perimeter, thus saving tune It is, 
of anirse, not necessarv to ch irt each record separatelj , 1 / three objects are being used 
tiie ivopters can be rapidly pinned out and then all charted together Larger numhers of 
ob«crv at 10 ns (1 e , more isopters) ma> be desirable occasionalh , but arc usually unneecs 
sarv in onbiian opbthalmic pncticc 

Scotometrv hardly requires sjjccia! mention a-* it is merely the apjdication of the 
principle and method of the screen test to the examination of i<«olatcd or apjiarentlr 
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isolated defects, and should neither be thoi^bt of nor practised as something apart from 
perimetrj During the sjstematic examination of the field scotomata are discovered as 
a matter of course, and should be investigated in the same vs ay vnth graduated test- 
objects It IS most undesirable that the peripheral parts of the field should be left 
uninvestigated in cases in which a scotoma is a pronounced and easilj detected feature, 
though, unfortunatelj for ophthalmic science, the usual clinical procedure, m the hurry 
ofabusy daj isapt to cause attention to be focussed upon the mostintense portion of the 
defect A patient, on account of the way he described his symptoms or reads Snellen’s or 
Jaeger’s tj'pes, maj often be known at once to have a scotoma A rapid test with a smgle 
size of object, usuallj coloured — ^hat pin, match head, etc —demonstrates the existence 
of an isolated defect for that test and the matter is settled It is largelj on this account 
that we know less about these defects than we should, and it is unnecessary to describe 
here the numerous devices advocated for the detection of scotomata which however 
well they raaj fulfil that function, are usuaHj of little use in enabling us to understand 
scotomata "When a field contaming a scotoma is properly exarmned bj the quantita 
tive method with perimeter and screen, it is not infrequently found that the scotoma is 
not entirely isolated, but is connected with the periphery b> an area of depressed vision 
With the screen, for instance, the test object may be made to traverse a narrow arcuate 
scotoma from blind spot to periphery without being seen b} the patient m a way which 
w ould be difficult, if not impossible, witb a rotating scotometer It must be emphasised 
that not only the position and extent, but also tbe nature of a scotoma is of importance , 
that IS to sav, its shape and its intensity, especially variations in intensitv m different 
parts and the steep or sloping gradient of its edge For the investigation of such 
details the screen at 2 m is the best instrument, and on adequate anal} sis entails the 
exploration of the defect, projected on as laige a scale as is practicable, with graduated 
test objects so that the isopters indicating its true character may be properl} mapped 
out 

For the examination of imnute central scotomata Marx used the ring t}pe of 
fixation object A ring of gre} or white paper whose internal diameter corresponds to 
3° or 4° ma) be used The ring is attached to the screen around the fixation object 
which IS then removed , the patient fixes the centre of the ring 

In certain cases, such as homon}mous liemianopia, in which it is desirable to 
compare the field of the two eyes m regard to their congruit} or incongruitv, special 
care should be taken that the technique with both perimeter and screen is m no waj 
fault} If the fixation point is too small it may fail to be seen as the examination 
proceeds if too big it may lead to unsteadiness of fixation The patient must not be 
allowed to become tired , the position of his head must be the same during the exarai 
nation of both fields, and a sufficient number of isopters should be charted to enable a 
fairly definite conclusion to be reached m respect of sloping boundaries It is sometimes 
advantageous to examine the fields altematel} with the different tests rather than to 
test one complete!} before passing to tbe other, and to note the order m which tbe tests 
were emplo}ed 

In homon}Tiiou3 hemianopia and m some functional ca=es the examination of the 
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binocular field often provides information of interest and value and should not be 
omitted if details of the sparing of the fixation area are required. 

Difficulties may arise in connection with the patient. A few patients, although they 
have sufficient central vision, apparently cannot be induced to fix correctly but persist 
in following the test-object \rith the eye. In such cases a painstaking endeavour should 
be made to make the patient realise that be has a blind spot. The test-object, using the 
screen at 2 m., may be brought over the blind spot area and then turned suddenly 
edgewise, while he is urged to maintain fixation, and then turned full-face again. If it 
should prove impossible to map out the blind spot the patient is only suitable for the 
cruder forms of field examination and accurate results cannot be expected, but patients 
who at first appear to be impossible subjects often prove capable of giving excellent 
results once they have been shoAvn that they have a blind spot. Similarly in rare cases 
it may he impossible to demonstrate a small central scotoma, especially if old, although 
the symptoms definitely indicate its presence. 

Checking BesuKs 

A very important feature in the examination, whether by perimeter or screen, is 
the checking of tlic patient’s responses. Tbb should not bo omitted in any case, but is 
especially valuable when the answers appear inconsistent or improbable. The test-object 
may bo suddenly concealed behind the perimeter arc or elsewhere or may be turned so 
that its edge presents, or, in colour testing may be made to change its colour almost 
instantaneously while the interrogation continues. A good plan is to place the object 
over the blind spot as this verifies fixation also. It will be seen that these manipulations 
cannot be carried out with a mechanical perimeter, but are easily managed if a thin, 
double-faced object on a liandle is used. 

Choice of Test-Objects 

When commencing the examination of the field in a case in which the presence of 
pathological changes is suspected the beginner is faced with the question “ W’hat is the 
best size of test-object to use 1 ” 

In all cases several isopters should be examined, t.c., several tost objects should 
be used. To use only one test object is comparable to testing distant vision with n test 
card bearing only one size of letter. 

Adherence to a fixed routine should be avoided. A form of procedure should be 
adopted which ivill help the examiner to choose objects suited to the requirements of each 
case, other^^^sc time is lost and the patient may become fatiguwl before the essential 
characters of the field changes are determined. The general principle is that such objects 
should l>e chosen as ^rill best indicate the nature of the case, and elicit and illustrate its 
clinical features. As a rule good central vision indicates the use of a small object to begin 
with, and bad vision a large one. 

By means of the confrontation test the presence or absence of a gross or moderately 
dense defect is rapidly ascertaine<l. 

The patient is then placed at the perimeter. If no gross defect is present A (0-5®) 
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IS a good size of object to begin ^nth as it is la^e enough to show the normal field and 
small enough to ehcit a defect of moderate intensity. If no defect is found a I mm object 
IS used and, if no defect is found with this, the screen is used with a or 5555 otiject, the 
blind spot being first examined with ^ Colour tests subtendmg about a degree, such as 
slij or 53 ^ to may be used A few* tnak with such objects mil quickly indicate the 
nature of the case If a defect is found its limits of intensity are decided b} “ strad 
dbng ” Thus an area defectu e for j^is tested with a large object sucb as ^ and if this 
object is seen then with ^ and so on until the largest object is found which is not seen 
m tlie area m question This shows the area of greatest intensity in the defect , the 
maximum area of the defect is then shown bj the smallest object which is not seen 
Similarly the seemg area is tested until the smallest object which is seen is determined 
It should be remembered that any test object used onjhe screen at 2,000 mm 


S] 



To indicate tbc miiumum data reqoimi to show that • 6el<l lias been properly tested and focind to bo normal 

subtends an angle one sixth of that whiclut subtends if used on the perimeter at 330 mm 
^\hen small ausual angles or colour tests ate used the normal position of their 
isopters should be borne m mind and, m examining the relation of the fields for colour 
to those for white, care should be taken that the coloured and white test-objects used arc 
as nearh as possible of equal aalue i e , that their isopters m the normal field he close 
together 

The penmetnst should bav e a definite reason for the use of a particular size of object 
and, w hiie «e\ eral objects are necessary for an adequate exammation, the smallest number 
should be used, which is sufficient to demonstrate the most important features of the 
defect 

S) mptoms should bee^rplained, if possible, thus, in a case of glaucoma, or of tobacco 
ainbl} opia, ivith R V = | and L V ^ the charts should show bow it is that the \ ision 
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of the one c) e is le^^s than that of the other A suitable selection of test-objects mil sboiN 
the character of the ini a'^ion of the fixation area 

It IS this proper selection which makes penmetnc ivork eas) and successful while an 
injudicious choice maj produce results of little \alue, and render the examination 
unsatisfactory and inconclusi\c 

linall}, it ma\ be noted that in order to obtain the full benefit of perimetrj in 
providing its share of the evidence on which diagnosis and progno<!is are based, more 
than one examination is not infrequently requued constituting m fact, a perimetric 
stub, aitliough m many cases a single sitting will be found sufficient 

To rec ipitulate the procedure of field testing The presence or absence of a gross 
defect IS first asccrtaiucd bj the confrontation method Th e perip hery is then tested 
by a Msual angle of about 10 or 20 (ior^) and by* colour tests, such as ^ or Jj red 
If normal results are obtamed the screen ma\ be resorted to without spending further 
time over the perimeter The blind spot is rapidly mapped out with and the outer 
limits for or ascertained F inall\ the room min be darkened coloured tests down 
to ~ red may be used, or, if necessan , the screen m ly be reiiiov ed to a greater distance 
Such an examination can be rapidly complcteil especially if charting is not required 
When defects arc found they must be examined with suitable tests clio&cn to 
illustrate the special features of the uulmdual case and routine should be ai oidcd The 
use of small wlutc test-objects la not to be rcgardcil as a substitute for colour testing 
A piiTcU diagnastic oxamuiation including both fields can usually be comuletcd m 
about t\rcnt\ minutes but if careful analysis and accurate charts are required more 
time IS necessary, or c\cn a second sitting 

Special attention sliould be paid to the following points — 

Tiie result of the examination by the confrontation method sliould be used as a guide 
to the part of the field upon which attention is to be concentrated and to einble all 
unnece‘isaty work to be avoided so thit the examination can bo rapidly completed 
It 13 the detection or exclusion of defects and not the precise measurement of an\ part 
of the field that is of importance Features requiring more exact investigation mu be 
dealt with as circumstances indicate Ihc penmetnst should alwn\s remember that it 
IS the lind or type of defect tliat is of importance and not its sire 

The patient should be made perfeeth comfortable m e\cr\ way If the examination 
18 prolonged he should be allowed to rest otcaMonolly and care should be taken that m 
these intcr\als relaxation is complete 

If the patient should become tired it is lictter to postpone the remainder of the test 
(1) Special Methods — 

Fenmetry in Dun Light 

Heduction of the illumination is a aery important and \aluable metiiod of modifv- 
ing the stimulus and is 8peciall\ ustfiil m clmical diagnostic work Tiii> method u eis\ 
to ajiplv l)\ simply ilrawang down the blind-* Modcrife reduction of inummition docs 
not C.IU- o am notable depression of the field m i normal case, at least until the light is so 
dim that the fixation object u hardly aisiblc to the examiiief himself, hut in pithologic.iI 
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conditions defects are accen^ated so that relative defects of low intensity can be more 
easily demonstrated In conditions affectmg the outer la} ers of the retina useful infor 
mation may be gamed by testmg the field in a dim light when defects, especially relative 
blue blindness, not well brought out otherwise, may be disclosed or accentuated 
m conduction defects of very slight intensity positive findmgs maj be obtained which 
could not otherwise be elicited, since impairment of the light sense is an early symptom 
of dimmishcd ^er^e conductivity When no defect can be elicited in ordinarj lUumma 
tion the light may be reduced until a consideiable contraction of the field is produced 
Test objects of 2 to 5 mm m white, red or blue may then be used at distances of 2 to 4 m 
in the search for faint defects of the central area of the field It may be desirable to 
make the room so dark that an object such as white cannot be seen by the 
examiner 

The method is clmically useful m some cases m that it enables relatively large 
test objects to be used and demonstrates the qualitative nature of the defect A\ithout 
special means it is impossible to measure exactly the amount of light used this is, 
houeaer, not necessary and the illumination may be adequately gauged by the effect 
on the ob«erver s oa\n visual perception 

The Exammahon ot Penpheral Vision m the Dark>Room 
1 The ExAiiiNATioN or the Sense op I ioht Projection 

This IS the most commonly employed and most useful form of examination of 
peripheral vision in the dark, a method specially adapted for the investigation of cases 
m which ordinary perimetry is impossible owing to bad vision depending on opacities 
m the media The patient is seated and asked to look straight before him if his vision 
IS very poor lie may be asked to look where he liears the voice A weak beam of light, 
conveniently obtamed by means of an ophthalmoscopic mirror is directed from a 
peripheral part of the field on to the eye under exammation, the other being securely 
covered, and the patient is required to indicate from which direction the light proceeds 
No other light should be allowed to fall upon the eje The process should be repeated, 
using coloured glasses jilaced before the eye 

In this way the whole field is exainmed, including the central area The test finds 
its application usual!} where the state of the ins lens or vitreous precludes the usual 
methods of exammation and is chiefly used in examining cataract cases 

The indications afforded b} this method may be shortly referred to here Should 
the perception of bglit be good and its localisation accurate, it may usually be con 
sidercd that the retma and optic nerve are healthy and vice versa There are, however, 
certain exceptions Vision is sometimes retamed to a certain extent in a detached area 
of the retina and in other conditions without marked interferenc‘=‘ with light projection, 
and thus hopes based on operation mav be disapjiointed On the other hand, in cases of 
retimtis pigmentosa the peripheral hght projection may be bad, and yet the patient 
mnj be benefited b} removal of cataract as sufficient central vision maj still remam 
to be of value 
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2. Dark-room PERiiiETRY 

Pprimetrv iij n dark-room with luminous test-objects has been advocated for 
sojne years, Tlic appliances liavc already been discussed. Practical considerations 
seem likely to prevent this method being \videly adojited as a clinical procedure. Unless 
the patient is confined for about forty minutes in darkness the process of adaptation 
is not complete and stationary, and confusing factors may be introduced. Although 
tins method has been advocated as specially useful in certain conditions, such as detach- 
ment of the retina, it has not yet been sho\vn to produce more useful results than those 
obtained by the use of small visual angles in daylight, or in reduced illumination ^vith 
the ordinaiy* apparatus. 

According to Lythgoe (209) during dark adaptiition colour sensation is diminished 
and the power of discriminating hues reduced. 

In all its various methods, though not always in the same degree, perimetry, it is 
essential to recognise, is a highly subjective form of examination ; an examination of 
the patient’s sensations as described by himself m answer to questions put to him by 
the obse^^'c^. The results obtained depend on the influence of several factors of which 
the state of the visual patliways and centres forms only one, though, of course, nearly 
always tho most important, and their value varies with the ability, cxiicrience and 
discrimination of the porimetrist in distinguishing and eliminating the less essential 
features. The scope of perimetric examination is limited on the one hand by the nature 
of tlic testa involved, and on the other by the capacity of the subject to respond to 
them. Demands are made upon attention, concentration, intelligence and reaction time 
ns well as upon ^^sioJl, by tests which, in comparison to tests for a physical problem, are 
relatively crude, and, in addition, suggestive influences, tmless carefully guarded against, 
are constantly, if unconsciously, passing from the examiner to the subject. 

In perimetry the personal equation and training of the clinician are of great 
importance and no fonn of ophtliabnic examination makes greater demands upon 
him. It is for this reason tliat different observers will often obtain different results 
in tho same case. 

Perimetric charts, therefore, should not be regarded as conveying a mathematically 
accurate and precise ciqiression of the state of peripheral vision, but rather as indicating 
the kind and degree of defect which is present, and require to be interpreted liberally 
with a knowledge of what perimetry entails and of the special nature of each case. What 
is really essential is that such charts should be comparable one with another. It Las 
been pointed out that our raetho<ls of examination involve various errors, but if the 
s.amo method under the same conditions is applied to every case, and to every examination 
in the s:\mc case, the influence of such errors will be negligible us far as cliniad oplitlial- 
rnology is concerned. 

The beginner should endeavour to acquirc^a good technique by the study of cases 
of glaucoma simplex, in which fixation is good. Exjicrience and facility with screen 
work should be acquired by making detailed studies of tlie normal blind spot. He may 
then proceed to tiic examination of the hemianopias and of tobacco amblyopia. 
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PHYSIOLOGl OF THE \ISUAL FIELD IN RLLATION TO CLINICAL 
PERBIETRY 

In applying testa of the kind suggested to the examination of tlie field it is A\ell 
to remember some of the more essential features of the response of the visual nerve 
mechanism We have seen that perception is less acute at the periphery of the field 
than in the centre and that our estimate of the value of difierent parts of the field is 
based upon what can be perceived there during fixation of the ej c 

In perimetry the image of a white object upon a black background falfe upon the 
retma and as a result the pover of perceiving white m that area of the retina is rapidly 
used up so that if fixation is steady, the white object will gradually fade away entirel) 
At the same time however the surrounding retma is becoming more efficient for the 
perception of white so that if the direction of fixation is slightly altered the ^\hlte object 
IS immediate]) seen again and very brightly If fixation were absolutely stead) and hll 
objects in the field stationary the) would gradually disappear— those peripherally 
situated first and finally the object fixed— 'but would reappear as soon as a slight 
moNcment of the eye caused their images to fall upon an adjommg part of the retina 
This can easily be demonstrated by pi icing one or more large white objects on the 2 m 
screen at different distances from the centre at which a 5 mm object is attached 
Stead) fixation of the latter is quickly followed by the disappearance of the eccentrically 
placed objects m the order of their distance from the centre They reappear at once if 
fixation IS altered (See also Techeming 415 ) 

Under normal conditions the continuous perception of objects is made possible b) 
a slight rapid mo\ement of fixation over the surface of the object regarded excursions 
up to about 5 in extent ^ath occasional larger movements being made in all directions 
As a result the area of the retma which is used to receive the image of the object fixed 
IS larger than the image and thus while some retmal elements arc photochemicall) 
acti\e others which wall be brought into use the next instant are recuperating and 
becoming prepared for the efficient reception of the image The movement of the visual 
axis moves the whole field and influences the perception of peripheral objects in the same 
way This ph) siological unsteadiness or travel of fixation has only a minimal effect on 
the normal limits of the field or the boundancs of defects as mapped out by the perimeter 
or screen V ere it not so all defects nonld 1 ave indefinite edges which is contrary to 
clinical experience The explanation is no doubt that the mental impression formed 
from retinal images and projected into space is stationary although the retina itself 
mo^cs 

Similarl) the ima^e of a coloured object red for example on a part of the retina 
uses up the power of perceiving red and increases the power of perceiving its comple 
mentar) colour green atthatspot whilethcsurroundmg retmal elements become fa\our 
abl) dtsposed towards the perception of rel and unfavourabl) towards that of green 
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The fixation object should, tlicrefore, not be too small and should have a black centre. 
If a verj* small object is required for the examination of the immediately central part of 
the field it should be replaced by a slightly larger one when that part of the examination 
is completed. The test-object, wliite or coloured, should be kejjt moving slightly. 
Scania or marka on the perimeter arc or on the screen are of little or no consequence if 
not sufliciently immcious or large to alter ‘the character of the background. 

Tlieae physiological processes in the retina appear to have little influence upon 
the results of perimetric examination under ordinaty circumstances. Tiic breaking 
doini and building up processes mutually support each other, and the retina docs not 
get tired and refuse to function. Variations in response are due to variations in central 
rather than retinal function, and the terms “ retinal fatigue ” and “ retinal asthenopia ” 
Imvc probably a much more restricted significance than is frequently attributed to them. 
A patient’s field often becomes wider for a small object after he has been examined for 
some time, when his ijiterest and attention are aroused, and it soon becomes smaller 
when he — not his retina — becomes tired. A slightly subnormal power of concentration 
with flagging attention loading to an apparent oscillation or stammering, as it were, of 
perception, may be the explanation of certain concentric ring scotomata noted by some 
observers. The weaker the stimulus the more likely will such phenomena bo to appear, 
hence tho usual peripheral situation of physiological ring scotomata. 

This aspect of the physiolog)’ of vision is of special interest in connection with 
functional field changes into which the clcmcDt of suggestion enters so as to exaggerate 
and distort normal conditions. 
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Applied Perijietry 

1NTPODUCTOP\ 

Tiipougiiout the sphere of medicine experience has taught us not to relj on an} one 
sign or S}niptom as affording conclusive evidence in diagnosis and prognosis Such a 
rule while applicable m ^a^}lng degrees to different cases is al\va}s of value in drawing 
attention to the desirabilitj of basing our views upon a complete clinical picture m w hich 
all the features are presented in proper proportion and perspective 

Obscurit} of a ision with apparently clear media thus presumably depending on some 
affection of the nerve mechanism of sight constituted the Gutta serein Black 
cataract or Amaurosis and when incomplete the Amblyopia of the older writers 
Mackenzie whose notes on hemianopia are still not unworthy of our attention regarded 
this condition as merely a peculiar vanet} of amaurosis and gives a list of no less 
than fift} three forms of amaurosis under the headings Retina Optic I^erve and Brain 
He knew that amaurosis was i mere sjmptom and that treatment must be directed 
tow aids the cause In regard to diagnosis however he is almost silent onl} pointing 
out that It ma} be easily confused wtli glaucoma and empliasising the importance of 
distinguishing incipient amaurosis from incipient cataract Referring to the gradual 
loss of vision in the latter he sa} s W liereas m amaurosis the attack is often sudden 
and being partial is described as a dark spot or spots occupjnng certain i>arts onl} of the 
field of view Tins and some remarks in connection wnth hemianopia seem to be 

Ins only references to the field of vision 

Such w as the position a few } ears before ophthalmoscopy and perimetry had come 
to the assistance of the ophthalmic surgeon whose unaided gropinc,s when a is con 
sidered bad been really extraordinaril} successful The fourth edition of Jlackenzics 
bool appeared in 18 j 4 About the same tune the ophthalmoscope began to be used and 
Von Graefe drew attention to the importance of the examination of the field of vision 
As a result the term amaurosis has become merely a Bynon}ra for blindness without 
obanous cause and Mackenzies fift} three \arietiea have been dul} assigned to their 
proper positions while in addition the prognosis as well as the diagnasis of man} 
prcMousl} obscure conditions has been enormousl} advanced 

It IS then mainl} in regard to conditions which were formerl} grouped under the 
terms amaurosis and ambUopia mcluling as in all probabilit} thev did man) 
ca«es of imdia^nosed glaucoma that the evidence obtained b} perimetr\ forms an 
important sometimes indeed the chief feature in the composition of the chmeal picture 
View e 1 111 Its pro} cr relation to other mctho<ls of ina estigation perimetr} is mdispensabh 
associated witli the subjectn e ex imination of the ea e in the same wa\ asoj htl almoscoji} 
is watli the objectiac Wide its most striking and most aaluable ad\antagcs are m 
connection with diagnosis, esjicciall} of affections of the \isual }>ath and centres 
CMdence throwing light upon the normal anatom} and })b}siologt of tl esc structures is 



APPLIED PJSRBIETRY 


5Z 

constantly being provided. Much information has also been gained \<riih regard to the 
mechanism of the production of symptoms and the anatomical and pathological condi- 
tions underlying man> visual affections, enabling their prognosis to be placed upon a 
surer footing and their treatment upon a more rational basis.* 

In clinical work the fimction of perimetry is to discover the cause of depression of 
vision not adequately explained by other methods of examination, and also to measure 
the degree and i)rogress of the morbid process. The conditions in which it is of value 
may be grouped somewhat as follow’s ; — 

(J) Those in which the media are clear and the fundus ocuU normal. 

(2) Those in which ophthalmoscopic eWdence is available but requires amplification 

and explanation. 

(3) Those in which the media are partly obscured, making ophthalmoscopic 

examination inipos.siblc or inconclusive and in which disease of the retina 
or risual path is suspected or should be e.xcluded. 

It IS especially valuable in cases in which visual impamnent is apparently the only 
abnormality. 

The situation and extent of the visual path in the brain indicate the importance 
of perimetry to the neurologist and the cranial surgeon, and the visual symptomatology 
of intracranial lesions, a territory previously largely unexplored, is now being actively 
investigated by modern perimetric methods. 

• Uhlhofl (418) wwlo m lOiiO • ” Tn no wrre tcmlorj m functions! tnting elaborated to euch an extent ai in con. 
nMinn with the optic nerro . *’ 

The aljniitscance of pcnmelry mdwimow and ptognoaw waa foremen bj- Derry (SI, p 117), « ho wrote in IRSfJ " 
it ueridoit tiiat there are niiiny pointaof dia^nostictraportancc to from an etammttion ot tite field Rut 

there can Iw littla doubt that in the thorouph examination of the relative as well as absolntc functional aettrity of all parts 
of the retina we poMcaa a moans of imraonso value ut the localuation of intrsoranulduBvse Dut it la not morel} as a method 
of disimosta that this examination doservee attention ui mane ea.<ies it alTonJs the moat delicate meant of aacortainmg the 
couTK taken by any disease, e-ipeoially when of mtraeranul origin ’* 
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THE PATHOLOGICAL FIELD 

In conditions of disease winch give nse to impairment of the visual function this 
impairment is manifested as an alteration in the visual field Regarding the field as a 
circumscribed area, such alterations appear as reductions of the extent of the area or 
contractions, or gaps or voids w ithm the area or scotoinata 

Reverting to the simile of a hill of \ision surrounded by a sea of blindness, we can 
imagine the hill sinking into the sea so that its circumference becomes reduced, or we 
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Fto 19 — COHCIKTRIC COHTaiCTION 

Diagrammatic <chem« illustrating the difference between contiacItonaDd depression The broken line indicates 
the outlire of the normal field Scaled \alues as m Fig 3 

A represents the depreaston tppe of conlraetioo, B the true contraction or coast erosion type 
In A the field is redoced m extent all round except on the na^ side and would ho reduced there also were the 
depression sufficiently great AH the leoptere are affected The greatest oontraction la present when the slope 
of the fieldis most gradual, about the level of the uopter If A were tested withaeingle large ob|ect only 
a smalt contraction at the temporal penpbery would be found and the true state d the field would remain 
undetected The real nature of the condiUon can only be delermmed by the use of several test objects 
In 13 the field is reduced m extent all round including (be nasal side but only the penpheral iscpters are 
affected The field is not depressed but genuinely contracted Here also several test objects are required to 
establ sU the nature of the condition small ones to show the integrity of the central part and large ones to 
demonstrate the peripheral restriction 

can imagine the sea washing away the land while the remainder of the hill retains its 
original form There are, therefore, two possible types of change, the depression type 
and the coast erosion type, and these may be combmed When depression occurs the 
field boundaries become constricted, hence the field is often called " contracted ” The 
constriction is less where the edge is steep (cliff) and greater where it is slopmg (flat 
beach) A slight depression is therefore most easily detected by examinmg the circum 
ference at a part where the edge is slopmg 

A depression may occupy the whole or any part of the field and may be of anj 
shape, size, or depth, with flat, crateriform or uneven floor, and sloping, steep or 
precipitous edges It may occur suddenly, rapidly, or slowly, and may mcrease, fluctuate 
or dimmish These features constitute its diaracters 
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Piirc pcriphcnl loss «ith the reranining part of the field normal — the coast erosion 
t)pc— IS rare, if indeed it e^er occurs, but is not infrequentl} closelj approached in 
certain forms of disease 

In order to understand these field changes ue must, therefore, think of the field as 
a surface \\hich falls and rises, and not as an area which contracts and enlarges 

The nature of the field defect is shown b} its characters which should always be 
8>steinaticall\ examined 

These are (1) Position , (2) shape , (3) «ize , (4) intcnsiU , (5) umformit} , 
(G) margins , (7) qualit) , (8) beha\ lour or course 

As the field of \ision is always schcmaticallj represeuted oii a chart it \vill be 
comcnicnt to adhere to t!ie current temunologj of field changes, althougli this is based 
on the idea of a contracting and expanding area 

Two mam groups maj be distinguished the coniracltons and the scotomata 

I Contraction ot the Field 

Position and shape may bo consideretl together 

(1) Position and (2) Shape — A contraction or restriction is a defect which affects 
the periphery When the contraction becomes cjctrerae, the central area is m\ olved 
Contraction maj be concentric or local 

Concentric Contraction- — In concentric contraction the whole periphcrj is more or less 
cqunllj rcstiicted so that the field is reduced in sire without much alteration m shape 

Concentric contraction is, as has already been stated, ncarlj always a general or 
widespread depression of the field rather than a mere restriction of its peripheral Iinuts 
Such a depression appears ns a concentric contraction if only one peripheral isopter is 
demarcated , if son oral are dctcrauncd the true state of tlic field is immedntel) disclosed 
The relationship of tlic isoptcrs (Pig 1), which he close together at the extreme pen 
pherj , but arc more mdelj separated m the interiorof the field, especially on the temporal 
side, shows that a low degree of general depression does not produce a demonstrable 
contraction of the peripheral but only of the internal isoptera The early stages of 
general deprc'sion arc, therefore, most easily detected by examining the field where 
Its slope is most gradual (see Fig 2), t e by using a test whicli corresponds to an intcnml 
isoptcr such as a colour test or a small aasual angle for white The area immediately 
to the temporal side of the blind spot is especially weak, so that m a slight degree of 
dcprosftion the isoptcr for ~ falls to the nasal instead of to the temporal side of the 
blind spot 

"W hen deprc^Moii is suflicicntly aiUamcwl to produce an obsaous restriction of the 
periphenl isoptcrs tlic contrictiori is greater on the temporal side, since the gradient 
slopes less stcepli there than on the nasal side Before tlie stage is reached at w hich the 
na'tal isoptcrs aUo begin to show contraction the limitation may appear to be confined 
to the tomponl field «inuilating a temporal, or if bilateral, a bitemporal “ contraction ” 
This is commonh found when too large a test object has been used and is of course, 
not the same thing ns bitcmiwral liemianopia Uniform depressun suggests the 
probahilita of a functional as against an organic cause 
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Fio "0— Tjib Diffebebt FoBva or Hcuu^0PI/l (1) (Ducrahuatk’) 

A ]for zddUI or a.h tuilinal D Utempora} C Btcmporit ctimm-] qv^irant J> TJctmonymoas. F 
Homonymous lower quadrant 
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Fir 21 —The IhrriaEvt Forms or lloMo^TMOrs lltstu'tom (2) (DurjiAMMvnc) 

A UflsliTr n^ht hotnonTttinu* hrmiam pio, roin|>'etr 
It Tnrotni Iric sfMolute n^ht homonyniott* li< munopiR 
C InfoTijTuotn homonymous hrmnnopw 

D Alnolotr rvlit hnmonrmnus hrmianopis Milh sjvinnp of thr Irmpoml rrr'oont 

K. Ah»i>lutc njiht trmponl rrr«-<mt Ioks »tAnp (Mthouph thcro is no bcmkiDopIt m tho Iitml frn*c this 
conililton Wlonpi 1o tho proup r>f h(iin 0 n>'Bums hrmtsnopu.) 


As a rule, the depression is uot uniform, but greater at one part or another, ^\^len 
it is entirely or mainly peripheral tnie peripheral contraction (coast-erosjon tj^ie) is 
pre'cnt, but tins is not as common ns the familiar u^e of the tenn suegests. 

A special form of concentric contraction is the “ tubular " fieW. The depression is 
severe and iii\ohes the uhole field uith the exception of an area surrounding tho fixa- 
tion point, producing a great and often extreme contraetjon. Tlie linear extent of the 
field IS found to be tlio same at whatevor distance the examination U carrictl out, so that 
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the projection is apparently cylindrical instead of conical Such fields are obviously 
of functional origin In other cases of an alhed nature the depression — and with it 
the concentric contraction — varies in d^ree as the examination proceeds, giving rise 




to the spiral field or to a star shaped field respectively when the mendians are tested id 
consecuti\e or alternate sequence 

Depression of the central field alone with apparently intact penphery is demon 
strable as concentric contraction of the central isopters only This is a httle recogni®ed 
defect which might perhaps be more accurateh classed as a form of scotoma 
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In mdespread depression, the existence of practically full \ ision (J to ®) bj Snellen’s 
typo IS no proof that foveal vision is unaffected The central peak of visual acuity ma\ 
be considetablv lowered before vision is reduced below the I level 

In irregular concentric contnction the depth of the depression vanes in such a 
aj t Jiat the isopters are no longer approvimatol) circular, but show an indentation at 
one part or anotlier IVlien the depression in the less affected part of the field is nimiraal 
this tvpc of defect merges into the local contractions 

Local Contraction — In local contraction onl} one part of the field, including the 
penpherv, is affected An important form is the sector defect Sector defects are 
depressions rougiil} or evactlj defined by two radii of the field The sector maj be 
onl) a narrow wedge or ina) occupv a large part of the field Two separate sector defects 
arc sometimes present 

Sector defects bounded by vertical or horizontal diameters of the field arc hemianojyic 
defects A quadrant defect is boimdcd bj vertical and horizontal radii When the 
boundaries are not straight the hemianopie defects are irregular Tlie term " hernia 
nopia ’ hennopia, hemianopsia) is used to indicate a defect occupying half the field 
usual!) a v crtical half A unilateral hemianopia is a hcmianopic defect of one field onl) , 
and, therefore, of subchiasmal origin, though, if partial and limited to that part of the 
uniocular field v\hich is unpaired in the binocular field, it may be due to a supnchmsmal 
interference 

It is preferable to reserve tlie term “ hemianopia ’ for bilateral field defects pro 
duced b) a single lesion which must be chiasmal or supnchmsmal in situation True 
heniianopn is, therefore, a defect of the binocular field It is evident that bilateral 
8) mmctrical, subchiasmal Icaions of the visual path can produce a somewhat similar state 
of the binocular field, but this would be a combination of independent unilateral 
hcmianopic defects rather tlmn a true hemnnopin Evamplcs of defects of this kind are 
found in the apparent hitemponl hcmianopias which ma) sometimes be found m gross 
papillcDilcma or in tobacco imbI)opia and some other conditions It should he recognised 
that true bitemporal hemianopia means n definite type of defect, wiiicli exinbits not oid) 
impainnent of the temporal fields, but also the characters of chiasmal mter/ercnee 

Ilcmnnopia is homon)anous, right or left wlien the corresponding half fields of both 
e)Cs are affected, and heteronv inous, bitemporal or binasal, when both outer or both 
inner h ilf fields are mv oU ed The binasal form is not a true hemianopia 

Defect or lo^vS of the upper or lower half fields is termed altitudinal or hon/ontal 
htmianopn Ihis ma) be superior or infcnor and uniLatcral or bilateral, and in the 
latter ca*M5 B)Tnmetrical or cro^*.ed (one upper and one lower half field defective) It is 
V erv rarel) a true hemianopia but usually inercl) a w idc sector defect 

M hen a quadrant of each field js affected, quadrant hemianopia or tctrantanopia 
is present, and mav bo homonv mous, httonipora) or binasal, and upper, lower, or crossed 
(one upper and one lower quadrant) m each case IFcmmnopic defects are incomplete or 
parti d when the vs hole extent of the half or quadnnt concerned is not nffectcil and thev 
mav he relative (hemiamblvopia or hemiichromatopu) or nb^olutc 

Con^ntotts hoinonvmous henuanopic defects art equd in the two fiehls and super 
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Fio 24 — Relatio’? of Eividipo Litc ix Hehuxopia to Fixation Anst (DiAcinA»i\rATic) 

A Divided fixation ares. B C, D Different forms of sptnng of the fixation area E Relative sparing 


unposable, forming a single defect of the binocular field , other homonymous, hemianopic 
defects which are unequal either in extent or intensity are incongruous 

Since the temporal is.larger than the nasal field all complete homonymous hemi- 
anopias are mcongruous in extent in respect of the temporal crescent Incomplete 
homonymous hemianopia may also exhibit this form of incongruity' That is to say 
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incongruity may be present on account of the unpaired part of the superimposed fields 
though the defects of t!ie paired parts aro identical in onset, intensity, and extent. 
The only field changes which are congruous in all respects are homonymous hemianopic 
defects affecting the paired parts of the fields only, wtli sparing of the temporal crescent. 
Congruous defects, and those in which the incongruity refers only to the temporal 
crescent, are of supragcniculatc origin while incongruous defects are due to sub-geniculate 
lesions. 

Corrcsj)onding sectors may be affected in both fields and inay be either congruous 
or incongruous. Tlie former arc congruous homonjTuous sector defects and may be 
regarded as a variety of incomplete hemianopia in which the defect is not bounded by 
the vertical meridian at an}* part. 

The effect of bitemporal liemianopia upon the binocular field is less than that of 
the horaonjunous form, since only the temporal unpaired portions of the binocular field 
are lost ; the central paired portion is retained, although vision witliin it is now only 
uniocular. In liomonymous he?nianopia one-half of the binocular field is lost, but 
binocular vision is retained in the paired portion of the remainder. (Figs. 22, 23.) 

The line of the vertical meridian of the field wluch separates the blind from the 
seeing portion may dindo tlic fixation area, or may pass round it so as to include it in 
the seeing field. Tn tliis case the fixation area is spared,* The amount of the sparing 
varies from a mere trace to several degrees. In rare cases the dividing line may bo 
altogether several degrees to one side of the vertical meridian (ovcrsliot fields), or it may 
lie along a slightly oblique meridian. The demonstration of the exact relationship of 
the dividing line to tlje fixation area usually requires very careful c.xanijnatio 2 i with 
the screen using delicate tests (see p. 252). 

The seeing half-fields may be normal or may be affected in various ways. 

Unles.s homonymoxxs hemianopic fields are carefully tested uith test-objects of 
different sizes it may not bo possible to elicit the true nature of the cliangcs. In homony- 
mous hcmiamblyopia the temporal periphery may be blind and the slight depres-sion of 
the affected homoujunous half-fields may escape notice unless definitely sought for. 
Similarly a defect confined to the temporal crescent, if of slight degree, may very easily 
escape observation unless the examination is adequate. 

Bilateral liomonjnnous hemianopia is present when both right and left homonymous 
hemianopia exist together. There is usually a small central field remaining corresponding 
to the bilateral sparing of the fixation arc.i. 

Irrc^thr sector defects occur in various fonus. They merge into and include thosj 
kno^\■u as “ re-entering angles.” Sfnny of these changes arc wedge-shaped defects, the 
apex being at tlie blind spot instead of near or at the fixation point. These arc kno^TO as 
nerve fibre bundle defects sinco tliey depend upon the involvement of a grouj) of adjacent 
nerve fibres. Their extension to the periphery technically separates them from scotomata, 
A defect of this kind which has one lioimdar)’ on the na.sal horizontal meridian o.xhibits 
the nasal step (Hoenne .321). 

(3) The Size or extent of field defects varies within extreme limits and corresponds 

• L'luallj, but wroojlr, raltol **tp»nng the maeiita." 
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to the number and distiibution of the nerve elements affected A small lesion in a 
concentrated part of the visual path maj produce an extensive alteration in the field 

In all forms of depression or contraction it is the shape rather than the si/e of the 
field which affords eMdence of value in diagnosis 

(4) The Intejisity, densitj or saturation of defects vanes from absolute blindness 
to a barely demonstrable impairment of vision The patient may be quite unaware 
of the presence of a defect of low intensity, and such defects often escape observation 
unless the field examination is exhaustive 

A defect is absolute when no perception of light exists m the area concerned This 
should be proved b> the use of sufficiently strong stimulation to exclude any degree of 
mtensitv short of complete loss of response It will then be found that really absolute 
defects are not as common as a less exhaustive test might lead us txj believe When the 
defect is small it is verj difficult or impossible to demonstrate its intensity accurately , 
as adjoining nerve elements may be stimulated by the test employed In such cases 
the visual angle used should be state 1 Thus a small defect may be blind for all visual 
angles up to j’j® but not for larger angles and though it is probable that such a defect 
IS absolute this cannot be proved 

Relative defects are defects which ate not absolute The frequency with which 
relative as oppo^ied to absolute defects are foxuid depends on the method of examma 
tion when this is thorough, it will be found that many defects hitherto regarded as 
absolute are really relative 

Colour defects or dyschromatopias of whatever ty pe excejit, of course, congenital 
colour blindness are relative defects and unless shght, are associated with some demon 
strable loss of perception of white Examples in wbicli the smallest white test object 
practically available is seen arc often met with and the quality of a relative defect is 
more satisfactorily determmed by testing with colour Colour defects, whether for one 
or more colours are simply part of a general lowering of visual response dependent on 
imperfect stimulation of the visual perceptive centres and have no individual specific 
significance in relation to the nature of the causal lesion (See Berry 34 ) 

jiji interesting and important feature in the intensity of defects is the relation 
of the loss for colour to that for white In the normal field the isopters for colour are 
compaTable vath those ioT white except perhaps at the extreme periphery Owing to 
the size of test object commonly employed colour isopters are usually internal isopters 
and therefore, the colour fields are found to be smaller than those for white Since 
depressions of the field produce their effects more obviously upon the internal isopters 
colour defects may be found to preceile or to exceed the field changes found with white 
tests If the colour test used gives an isopter lying normally considerably witbm that 
corresponding to the white test an apparently initial or excessive loss for colour may 
be discovered quite apart from any special impairment of colour perception A genuine 
difference betvv een the colour loss and that for vv bite is however, a common and chanc 
teristic field change There may be a relative yellow blue amblyopia (sec (7) quihty,” 
p 63) in impairment of the photochemical apparatus Vision for colours mav be seriously 
affected in association with good vision for white, or, in other cases, vision by Snellen's 
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types may be reduced ^\lnle that for colour tests remains relatneh good In conduction 
defects a true excess of red green defect over that for ubitc is common, or under other 
conditions the loss for colour maj be in nccordanw tsith that for ivhite In the former 
case disproportion, in the latter proportion (Hocmie 327) is present To demonstrate 
this feature, it is obnous that the test-objects, to girc comparable results, should be such 
as gi\e isoptcra i\hich he clo^e together in the normal field Rociine states that the field 
for red ^ (114') should be approximately equal to that for nliitc ^ (17') (t e , some 5 to 
10” inthm the usual limits of the normal field) Should tlie red field be slightly 
smaller than this, say, as small as the field for white (S') (10 to 20” mthm the full 
boundary), no special inference nce<l be drawn, but if the red field is markedly smaller 
than that for white “ disproportion ” is present and indicates an actnely progressne 
process " Proportion ” between the fields for red and white indicates that the condition 
IS rclati\ cly stationary 

railure to recognise a large red object in a defect m which small white objects are 
perccncd may sugeest that the defect is present for colour only Such defects are, 
howeier, examples of disproportion since the impairment of vision for white can bo 
demonstrated if a sufTicientlv small visual angle is employed 

(5) Uniformity — The intensity , i e , the depth of the depression or the degree of 
visual loss, may bo the •yitnc all over the altered area, or it may dilTer m difierent parts 
Tiierc may be areas of greater or lesser intensity within its limits The determination of 
the composition of tlic defect by the use of a series of test objects constitutes the analysts 
of the defect and is an essential part of penmetry and frequently provides the key to the 
nature of the underlying condition 

In estimating the degree of functional failure m the area of a field defect it should 
not be forgotten that the normal visual efBcicncy is jihysiologicaDy less towards the 
periphery of the field The effect of a uniform degree of loss of pliy aioiogicnl activity over 
the area of the defect would therefore be more easily demonstrable m a part towards 
the periphery of the field and might be elicited only with difiiculty m a more central 
part For example, only the pcriphord part of a sector defect might be discovered, the 
hmctional loss not being suflicient to produce a manifest alteration m response m the 
central p irt This is an important reason for the use of more than one test-object and 
for the examination of a defect with minimal fctunuli before forming a conclusion as to 
its limits 

(G) The Margins mav be sloping, steep, or precipitous, according to the dist nice 
between the isoptcrs at the edge of the defect, in other words, the transition between the 
most dcn«e part of the defect and the seeing field may be gradual or abrupt Tite gradient 
mav V ary at different parts of the edge of the defect and at different times m its progress 

Fithologicallv affected fields may be steep ctlged as in retmitis pigmentosa, m 
which good central vision IS retained in a very «mall field, or they may Jiavc sloping edges 
ns in many cases of tabetic atrophy m which the dcjircs^ion of vision gradually increases 
towards the penpherv 

(7) The cxjircssion “ Quality ” is intended, for want of a better term, to refer to 
certain features elicited by testing with rwl and blue and by cximination in a dim light 
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In the condition knoivn as torpor reltna: field changes which appear slight or indefinite 
with ordinar) tests are intensified bj reduction of the illumination A characteristic 
feature is the disproportionate reduction in the perception of blue as compared with red, 
so that the recognition of blue normallj much more easy than that of red may become 
more difficult Depression is usually present at the same time but maj not be oba lous 
and tl c condition maj manifest itself as a discrepancy between the fields found by the 
perimeter and those found bj the screen m ordmary daylight Thus the fields for 
white 5 ^ or blue maj be practicall} normal while those for white or blue 
ma} be j,reatl} reduced Avithout a proportionate reduction m the case of red There is 
also reduction in the power of dark adaptation This tj'pe of change is present in 
interference with the retinal outer layers in detachment of the retina for example 

(8) The Belatiour or Course — The onset of a field defect ma} be sudden rapid 
or gradual It ma} remain stationary progress alter or fluctuate in respect of any of 
its characters Both during the development and the retrogression of a defect characters 
preMousl} not evident ma} become mamfest and the observation by repeated perimetry 
of such changes ma} be of diagnostic importance The behaviour of field changes is 
correlated rather to the nature than to the site of tlie causal condition 

n Scotomata 

V scotoma is an area of depressed vision witliin the field margin surrounded b} an 
area of less depressed or of normal vision It therefore corresponds to a lake or hollow 
on a bill and is surrounded by isopters which arc isolated from and not continuous with the 
more peripheral isopters It is however not always convenient to adhere to the strict 
definition and the expressions scotoma orscotomatous area are often used for an} defect 
w Inch extends deepl} into tl e field w ithout regard to the exact relations of the isopters 
concerned 

The penpher} of the field ma} be intact or slightly depressed in the neighbourhood 
of the scotoma A depressed area or channel of varying width and inteiisit} may 
connect the scotoma with the penpher} or with the blind spot or with both This ma} 
be compared with a lake or tarn draining into the sea This extension of a scotoma 
to tl e margin of the field is referred to as breaking through The characters of 
scotomita are the same as those of other fieW defects but certain features require specia? 
consideration 

(1) Positwn — A scotoma is said to be central when it involves the fixation area 
paricentral when adjacent to it and peripheral when it is outside the central area of 
the field The terms central and paracentral are frequently used wath a somewhat 
indefimte significance and the importance of scotomata of the central area renders a 
more exact tonnmolog} desirable A\e distinguish therefore the pericentral tv pe in 
which the fixition area is more or less equall} surrounded b} the defect as the true 
central scotoma and reserve the tenn paracentral for scotomata which approach or 
overlap tic fixation irca altlioUj,h miuil} situatel to one side Acconling to their 
relation to the fixation area such scotomata ma} be called supncentral mfracentral 
nasocentr il and temporocentral In relation to the blind spot or area cicca scot iiiut i 



Fjo 22 — IHaiikimmatic UtmiaiHTitiO’* or IhrrrPCNT Form* or '^cctouxta 
A I’mtrnfrtl ■roUitn* H r»r*f<Titr»l •rototsA. C*. ORttiir«««] Motonu Arfth nu<-lciM D rrnc»<s»l 
Kt>ton<A. F AnnuUf »rtHoii» F Ikwblp ■mut* acotonu, iwrrp bwniUe lypp. lirPAktrg Ihrooch 
DAMtty sivi •hoRini; Tuiul atep 





me PATHOLOGICAL PIELD i>7 

are pericxcal nhen surrom)t]ii)g it and jaxta- orpiracsecal when adjoining it, the latter 
including supra-, infri , naso , and teniporoc®cal fonns Lastly, the common and 
important form winch lies hetw ecn and includes or extends to both fixation area and blind 
spot, corresponding in position to the papdlo macular area of the retina, is a centrociecal 
scotoma The expressions “enlargement” or “extension" of the blind spot are 
inexact as the so called enlargement diilcrs in several wajs other than size from the 
ph} siological scotoma jMoreov er, sucli terms suggest that the “ enlargement " arises by 
an outgrow th from or expansion of the bbnd spot wrhich is rarely the case The ambly opic 
zone of the blind spot is import int in connection with the estimation of the relationship 
of a jitxtncsecul scotoma to the blind spot In onler to demonstrate the coutmuity or 
discontinuity of such a scotoma with the blind spot it is necessary to examine the interval 
between the two with a test object large enough to be seen in that area under normal 
conditions, that is to say larger than ^ On the other hand when the edge of a scotoma 
IS close to the blind spot but more than one or two degrees removed from it, a very small 
test object (si^a) should be used in order to determine whether the edge of the scotoma 
extends fur enough to meet with the amblyopic zone Allow anco must also be made for 
a certain margin of error in a subjective examination of this kind as it is diflicult for 
some patients to gn c accurate responses in respect of a narrow intcrv ol betw cen two 
ureas of umblyopa 

(2) S/iajic — ^Thc shape of a scotoma is determined by tlie way in whicli the nerve 
elements involved are arranged in tlie rctiin — 

1 Circular or irregular 

2 Oval This is nearly always an irregular horizontal oval, the centrociccal form 

The outline of the ccntrociecal scotoma is frequently indented by a col or 
neck neap the blind spot (Figs OlD, 210, 212) 

n Cuneate or arcuate scotomata of nerve fibre bundle typo Tins form follows 
the lines of the nerve fibres m the retina and is therefore narrow noir the 
blind spot, towards which one end is directed, and wider towards the field 
periphery Defects of this type in the temporal field must be cuneate 
and in the nasal field arcuate Tlie arcuate scotoma is a cuneate scotoma 
bent over the macular area and resembles a comet or a Turkish scimitar 
The form known as Bjerrum’s scotoma is the best example of this group 
Two opposed arcuate scotomata, one m the lower and one m the upper field, 
if equal and annmetrical, raav form a ring scotoma In this case the blind 
spot la always on tlie ring or, if the nng is mcompletc, m the line of the 
ring (See j) 82 ) 

4 In tlie zonuhr or annular type of ring f>cotoma the curve of the scotonn, 
although Its concavity al\\ay‘s fnte^ the fixation point, docs not follow the 
IincN of tlje nerve fibres, and when ii complete nng is prc'scnt it may lie 
do'elv around the fixation area or may encircle both blind spot and fixation 
area Scotomata of zonular tv jicmav involveanv part of the field Alultiple 
concentric ring stotomate have been dc-cnbcil and arc probably functional 
in nature 
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'j Hemiaiiopic A hemianopic central scotoma is a central Iiemianopia The central 
field in this respect resembles the nhole field m miniature, the apices oul} of 
the quadrants affected being defective A quadrant scotoma is oue nluch 
occupies the apex of one field quadrant The terminology of hemianopic 
scotomata is the same as that of hemianopic defects of the u hole field , they 
may be homonymous, bitemporal, etc Two or more quadrant scotomata 
may be merged mto a single defect and, nevertheless, remain indi\iduall} 
distinguishable by other characters, especnlly mtensity Sparing of the 
fixation area is uncommon in central hemianopic scotomata Congruous 
homonyTOous paracentral scotomata also occur These belong to the 
homonymous hemianopic group but are not hounded b\ the ^e^tlcal or 
hori 2 ontal meridians of the field Peripheral congruous homonymous 
scotomata probably also occur, but ha\e not been reported 

(3) Size — Ihe size of a scotoma \aries from a small spot of less than a degr^ ul*- 
diameter to an area equal to almost the whole field Since the apparent size is influenced^ 
by the strength of the stimulus used, it is necessan when testing scotomata of low intensity 
to reduce the stimulus in order to estimate the extent of the defect correctly The different 
forms of scotoma may vary in size but it is the type and not the size which is of signifi 
cance in diagnosis , the area is of more importance in prognosis Attempts at precise 
measurement of the «ize, for example, of the blind spot, are therefore of secondary 
interest A ecotoma may extend at one part as far as the outer limit of the field This is 
called breaking through " (Fig 25 f) 

(4) Intensity — The intensity of a scotoma mav vary from complete bhnclnesi to 
the slightest reduction of visual acuteness below the level normal for the retinal area 
involved If the scotoma is small it may be impossible to demonstrate these extreme 
conditions, but m most cases the use of a senes of test objects will indicate sufficiently 
closely the degree of visual impairment A\Tiere the patient’s symptoms suggest the 
presence of a scotoma and field testing fails to demonstrate it, it is necessary to employ 
every practical means of dmunishmg the stimulus by using Bjerrum’s screen, small 
test objects coloured as w ell as white, and reduced illumination 

(5) VmformUy — ^The intensity is seldom uniform As a rule a scotoma is 
denser in the centre and less dense towards the periphery so that the smaller the test 
object used the larger the scotomatous area appears A common feature is the presence 
of a definite “ nucleus ” or focus of intensity m or near the middle of the scotoma 
(Fig 25c) There may be more than one nucleus and the mtensity diminishes from the 
nucleus towards the edge of the scotoma A quadrant or hemianopic scotoma may be 
uniform all over, or may dimmish in intensity from its apex towards the periphery A 
curved band of greater mtensity, mdicating a portion of an arcuate scotoma, may be 
present, or a scotoma may be composed of quadrants of different intensities 

The demonstration of these features of the composition of a scotoma, or analysis, is 
of essentia! importance The position and shape of the nucleus and the relationship 
of the parts of a hemianopic scotoma frequently have a diagnostic significance 

(6) Margins — ^The margas of a scotoma may be sloping or steep Good examples 
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are the <cotonnti of tobacco ambl^opra and of acute retrobulbar neuntia respectuti} 
A steep edged «cotoiiia a\Iiich invadeb the fixation area is not incompatible uitli good 
centril ^ ision b\ Snellen's tj^pes , if the wlge is sloping \isiou is usually hnz^ In the fir^t 
instance the laandermg inoaements of fivatioii (p oO) proaide incomplete but clear 
images, in the «iccond indistinct images arc introduced which produce a confusing cfTect 

(7) Qunht>j — In commotio rctinm, papilloedema and other conditions in winch tlierc 
18 oxlenn of the macular area, it is of interest to studs the relatiac perception of red and 
blue in the scotomatous area The features already referred to (p C^) ma^ be found 

(8) Ikhm tour — Variations m the course of scotomata are more common and more 
ictiae than in that of defects of the field as a whole This feature is related to the more 
usual causes of scotomata such as dLssemmated scleroses A scotoma maj change its 
shape, or position, enlarge, dimmish, become a ring scotoma or alter in intensity within 
afowdavs The terms ‘ wandering” or “fleeting” arc applied to such scotomata Or 
iltcmatiacl) , the changes inaj occuraorj slow I3 , or the scotoma mnj merely graduallj 
disappear without \ariation m character 

h rom this sur\ c\ of the normal and pathological field fia e essential points emerge — 

1 The field of Msion should be thought of ns a hill whose surface sinks and ri-^es 

and not ns an area whose extent contracts and expands 

2 The condition of the Msual field, whether normal or abnormal cannot be ascer 

tamed b\ the detennination of one isoptcr, tint is to sa), bj the use of one 
test object 

3 Cliangcs lu the field of a ision arc to be regarded and measured as depressions not 

as contractions 

4 In all perimetric work the sire of each test object and its distance from the e>e 

should be carcfullj selected with a a icw to the requirements of the mdi' idual 
caee and should be recorded 

5 Aii\ estimate of the significance of n field defect should be based upon the 

examinitiou and consideration of all its clmractcrs 

V e must now cndcaaour to ascertain wlmt <«igniricance is to be attributed 
to alterations in the Msual field 
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IMFIIPETATIOK OF CII^GES Df THE MSU\L FIELDS 

I’rriMtTi ic defects form the subjectnc expression of t}»e site, extent, intensity, 
nnd belnvjour of pathological changes m anj part of the ansual nerve pith, and it is the 
mm of the perimetrist first to ascertain as exactly as possible the presence and nature 
of field alterations and, secondl}, to endeavour to learn from Ins investigation what it 
can tell him as to the point iffectcil and the morbid process concerned The site of the 
interference as, for example, in distinguishing between clianges of subchiasmal, chiasmal, 
or siiprachiasmal origin, is estimated b> anatomical interpretation, which is based 
upon the shape and position of the field defects vvJiile some guidance may be obtained 
as to the kind of morbid process present by the study of tlieir onset, course and intensit) , 
that IS to say, bj pathological mterpretation 

Since the anatomical interpretation of field clianges depends on their close relation 
ship to tbo structure of the visual nerve path from the retina to the occipital cortex it 
18 essential for the perimetrist to have a thorougli knowledge, so far as that is possible, 
of the anatomy of the v isual nerve path m its widest sense, including the relations of the 
pathwaj ns a whole to adjacent structures, the nrrangement of the different groups of 
cells and fibres vathin the pathway, and the most minute details as to its vascular supplj 
In some respects the field of vision and the anatomy of the visual nerve path maj be 
regarded as complementary to one anotlicr, and much of what is known about cither is 
due to the study of the other 

Omitting discussion on doubtful points, of which there ore man) , let us now examine 
the main anatomical features of the visual mechanism which concern the clinical 
perimetrist 

Ketma 

Tlie retina ma) be regarded as consisting of two chief parts, the outer or photo 
chemical stratum m which impulses arc formed and the inner or conducting stratum 
winch coin ej s these impulses to the optic nerve For our present purpose it is unneces 
gar) to attempt to determine an) sort of boundary at which the formation and elaboration 
of impulses cease and are replaced bv conduction alone 

The important elements of the outer stratum are the rods and cones and tlie pigment 
epithelium The fovea centralis contains onl) cones, the most central being ver) 
slender and concentrated hevond the fovea the rods appear and gnduall) become more 
numerous until 4 or 5 mm from the fovea three or four rods he between ever) two cones 

I,auber (2*18) has suggested that the distribution of the rods and cones is connected 
w ith the rcl vtiv c positions of the i«optcTs m the v isual field He found that anterior to 
the equator of the cve the cones arc relativelv more numerous on the nasal than on the 
temper il side 

Onlv at the optic nerve head and the ora scrrvta is the retina firm!) attached to 
the w dl of tin e)cball, elsewhere the iwl and cone laver lies somewhat looselj on the 
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pigment ej)ithGUum, which adlieres to the choroid and separates from the rods and cones 
in retinal detachment. In detacliment of the choroid or elevation of tlie retina hy 
pathological changes in the choroid the pigment layer is not separatofl from the rest of 
the retina. 

The conducting stratum contains the layer of ganglion cells and the nerve fibre 
or innermost layer. The ganglion cell layer is much thicker in tiie central area than 
elsewhere, and around the fovea the cells arc heaped up, forming an elevated circular 
ridge higher on the nasal (papillarj*) side. Tlie connections of these perifoveal cells 
\ntli their cones slope inwards to the fovea, so tliat each ganglion cell lies at n little 
distance radially from its cone. Thus in the fovea itself there are no ganglion cells and 
the retina consists of pigment lay^er, cones, and a few cells of the inner nuclear layer. 



Fia S7 — .SturMt op the I'KOjEtrioT op NrR>E Fibres is tick Field or the I.trt E^e 

J.V/rTvjr; 

The hoiMonta! r#phf extentU from the fiMlion |>oiot to Ibe nsMi tnuTgin The rontinuou* Jjnw rpprrwal the 
unemsswl, the broken lines, the croocxl fibre*. The peririerBl and ne«Tly the whole of the rentrocpc*! area* 
helonj; to the doinxm of the croweif fibre* 

Around the cidt of the optic uctyc the outer retinal layers thin oft somcuhat and 
terminate ^\^th a sloping edge. The rotl and cone layer extends farthest towards the 
nerve, but u ithout reaching it, so that the area in which percipient elements arc absent 
is larger than the area of tlie scleral foramen (Fig. 7). In front of this ring of modifierl 
retina lies the thickest part of the nerve fibre layer, thinning rapidly as the fibres spread 
outwarfls. ‘ 

The blood vessels lie in the nen'c fibre layer, and where the vascular trunks are 
large all the retinal laycra are ah‘*efit (sec Appendix V.). 

The arrangement of the fibres passing from the gatt'^Vion ce}}^ to the optic disc 
presents features of c.xtreme importance for the perirnetmt 

In that portion of tlie retina which is on the medial side of a vertical line pissing 
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pigjnent epithelium, wljich adlieres to the choroid and separates from the rods and cones 
in retinal detachment. In detachment of the choroid or elevation of tlie retina by 
pathological changes in the choroid the pigment layer is not separated from the rest of 
the retina. 

The conducting stratum contains the Ia3’er of ganglion cells and the nerve fibre 
or innermost layer. The ganglion cell layer is much thicker in the central area than 
elsewhere, and around tlie fovea the cells are heaped up, forming an elevated circular 
ridge higher on the nasal (papillarj*) side. The connections of these perifoveal cells 
\ntU their cones slope imvard-s to the fovea, so that each ganglion cell lies at a little 
distance radially from its cone. Thus in tlic fovea itself there are no ganglion cells and 
the retina consists of pigment layer, cones, and a few cells of tlie inner nuclear layer. 



Kig 2" — SfiirMr or THE l»BQjEcTios or KrrtNAi. J»ERVE V«DiiES IN TJie FiELtJ or Tiu LcirL^t k^iv 
Ilocxst) 

Tlie horizonul raphe est«niU from tlic Rsadon point to the na«»l margin The conlinuom ImM n pn- 'll th' 
oncn»w«J, the hroken lines tlir cra9««l filire* Tlio perKircal and nearly the nhole of the lentroi 
belong to iht; doniiin i>f ihornmc*! fibres. 

.Vround the exit of the optic nerve the outer retinal laj’crs thin oil someN\hat .uui 
terminate >vith a sloping edge. The rod and cone Jajxr e.vtends farthest to^t.irds tlm 
nerve, but without reaching it, so tk.it the area in which percipient elements are aliNcnt 
is larger than tlie area of the scleral foramen (Fig. 7}. In front of tins ring of modified 
retina lies the thickest part ol the nerve fibre laj-er, thinning rajfidly ns the fibres spread 
outw.irds. ‘ 

The blood vessels lie in the nerve fibre laj’cr, and where the vascular trunks arc 
large all the retinal layers are absent (sec Appendix V.). 

The arrangement of the fibres passing from tlic ganglion cells to the optic disc 
jiresents features of extreme importance for the jierimctrist. 

In that portion of the retina which is on the medial .side of a vertical line passing 
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through t}ie centre of the optic papilla the nerve fibres are radiallj arranged passing 
straight from the retinal periphery to the nasal side of the disc Thus any group of 
fibres irliich he zn juxtaposition at the nasal edge of the disc regarded collectively 
forms a cuneate or fan shaped bundle Such a bundle contains fibres from a sector of 
tbe retina its widest part corresponds to an arc of the periphery and its apex lies on the 
disc edge Its size depends on the number of fibres included Such a group is therefore 
not a true anatomical unit as there is no segregation bv septa or otherwise into groups 
of this kind but pathological influences frequentl} pick out such bundles of fibres 
Tlie) form verj convenient and important descriptive units and are known as nenc 



1) ft ammitt c nprese titi on of the ftmngrmrnt of the nerve fibres of the r t ni of the left e> o seen from n 
front The pe pi erj' <if tf e ref nv * re^refoJ «» fl c eJec / om w b h the ne re fihreft on?ina(c and upon 
«h I tl c most senft t e epot the moevU •* • tuatrO At the lateral end of tt p ho ontal mend an of the 
ret na an infold ng of the pe pfecjr»tl IhemacuUat a ape* x mag ne I Th afold progrea. e* med al y 
rn u n tie neroaftod f I rexpofta ngfrom supper andloaer Iionlerx to b^omecurvetl ntl aua ere tn^tle 
nnl nc SI res ar ng from tl c raphe h I sfonsrd hen tl e elges of tl e fold It mately fall togeth r 
Th a (he tnacola 1 ex n( the mod al end of Iberaph^ ah I docs not exten f to the opt c tierce and the pnp llo 
mft ular b ndlo comes to I o l>et eon tl e fibres from the uppe an I loa er temporal ret nal q adranta The 
cr >« c<l n tes are in 1 ated bv broken I nes tl euncTog.c<l bvco i nunus 1 nes 

fibre bundles (The crossed ind uncrossed and tbe papillo raTcuhr fasciculi are not 
included ns nerve fibre bundles m this sense ) 

On the temporal side of what we maj call the papilla line the fibres traverse an 
arcuate course from the periphery to the disc cumng over and under the central area 
which IS in tins way encircled 

Extending from the fov ca honzontallj outwards to the temporal edge of the retina 
IS an invasiblc line winch is not crosscfl b} any nerve fibres and vvhicli is knowai as the 
/ on-’OJifnI raphe of the retina The nature of this raplic is most clearly grasped if we look 
upon it as a fold in the temporal margin of the rctma drawn honrontallv into the centre 
file fovea being at its apex and its edges falling into apposition (Roenne 344) In this 
vensc the raplit. inav be regarded ns a part of the retinal iieriphery and the macula as 
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rcallv situated upon the retinal edge Tho<5C fibres \\hich pass from the upper and loucr 
parts of the temporal retina are onlj slightlj curbed, as the horizontal meridian is 
approached the arching becomes more pronounced, and the fibres from the njihe and its 
ncighbourliood traaersc an almost semicircular course The macular fibres arc short and 
less curved those I>nng near the horizontal meridian passing practicalK straight to the 
temporal side of the optic papilla The nerve fibre bundles on the temporal side of 
the disc are therefore in all essentials similar to those on the nasal side , the\ pass froih 
the penpherj , if we regard the raphe as a fold in the periphery , to the papilla the) ate 
fan like or cuncatc in shape, butthev are cun cJ uhereas the nasal bundles are straight 

Thus the ])OTtion of the retina on the temporal side of a vertical line passing through 
the papilla contains arching fibres and is divided into upper and lower quadrants b\ 
the raphe and an imagmarj line continuing it to the disc, while the portion on the nasal 
side of the papilla line contains radiating fibres and is undivided 

In addition to tbis local anatomical distribution of the nerve fibres there is a cerebral 
distribution to the two halves of the retina on each side of a vertical line passing through 
the fovea The visual fibres from the temporal half retina constitute the uncrossetl 
bundle which pa^^es to the tract and cortev of its own side Those from the nasal 
half retina form the crossed bundle which crosses at the chiasma to the visual centres 
of the opposite side From tliLs arrangement wc sec that the uncrossed bundle is repre 
sented in the return cntircU b> the longer arching fibres from the temporal side of the 
vortical meridian, while the crossed bundle contains the straight radiating fibres from the 
retina on the nasal side of tiic papilla and al^so the arclung fibres from the area between 
a vertical line through the fovea and another through the papilla The retina around 
the pxpilla IS entirclj supplied b\ crossed fibres and both crossed and uncrossed fibres 
enter into the composition of a complete arching bundle cvtendmg from the temponf 
penphen to the optic nen c Tiie peripheral part of such a bundle contains uncrossed 
fibres alone, but ns «oon as the vertical incri<liii) is passed all the new fibres which are 
added arc crossed 

The teinfionl hilf of one retina together with the nasal Inlf of the other form tho 
rch/i'c xs t}te jus) be -u.wJ ticjr wyial filers So the 
same side of the brain If the half retmaJ arc coupled as binas.il or bitemporal their nerve 
(onncctrotis are with both sides of the brain through the crds-vccl and uncrossed bundles 
rcspectivcU 

Optic Kerre<Head or PapUla 

The nerve fibres are gathered together at the optic papilh to leave tiie evcball as 
the optic nerve At this level the nerve fibre lajcr attains its greatest thickness and is 
sptcialU thick on the nasal side of the papilla owang to the accumulation of fibres while 
the tcmivoral side is left free for the papillo macular bundle which displ ices the temponl 
fibres to the up|>or and lower parts of the papilla an arrangement which helps to make 
the phvsiologicil cup shallow or sloping tem|>ondl^ and deep or overhung at the upper 
lower and nasal sides At the upper and lower poles of the pipilla the larger va cuhr 
trunks are groiipcil at fir^t intcnninglcil with tlit nerve fibres but «oon becoming 
siijicrfitnl Individual variations are common 
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T«o %ne\\s ha^c been advanced as to the relationship between the peripheral and 
central retinal fibres as they pass into the papilla. According to some authorities the 
peripheral fibres pass to the centre and the peripapillary fibres to the periphery’ of the 
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FlQ S') — OuGSAK SIIOIMNO TIIF > AltlOCS JtY9 IH WIIICIC TIIC NZJ(VE FiSRCS MIGHT BE ARBAVOED AS THEY 
EsTni THE Otne Kebve Head 

1 sn'l S Th« fibres from the rctinsl pcri{>>ief 7 pus to tbo centre of tlio nerve ami tho peripapilUt^ fibres to 
the ponpliery of the none 

3 an<l 4 The fibres from tho retinal ptripbcrp pass to the periphery of (he nerve and the pcnpapiIUry fibres 
to the centre »f the nerve (Sfivlificd from lander Ifocve (411) ) 



lio 311 — Diacksm isI'Icatisu the UEUiioasiiir or the rAMUOMACiLAR (ibkfji to the I’eriphtrai. 
I’BTIVAL lieKES AS THEY rj*TEIl THE OTOC FAntLA (ArTEB WlLBRAStl AM> SaE'OEU) 

ncr%e, at least m its anterior portion. Others believe that the fibres from tho retinal 
peripheiy pass to the outside of the nerve and the pcripapiUarj' fibres to its centre (Von 
Ilippel 444). Tlic question is important m regard to the interpretation of field defects 
for, acconling to the first \icw, peripheral interference in the nerve, unless posteriorly 
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DlACTlAM TO snow THE I’BOCABLE ARBAHUEMeNT OF TnE CkIASMAL CROSStNO 
Conliiiiious redliim indKat«crasscdiibrcafrom the lower medial ((uadnints of thcoptie nerve , brohen red lines 
crossed fibres (ram tho tipper medial quadrants, continuous blue lines uncrossed fibres from the lateral 
fjurdr*nts 

In order to avoid confusion the fibres from the ri^t optic nccvoarocoloincd brightly, those from the left nerve 
faintly 

The erosseil M res from the lower medml qsarinnt of the right optic nerve (eontmuous reel line) are shown 
irosaing in the anterior part of the rbiasma and psssui" forwards into the termination of Ihcleft optic nerve, 
forming a 1 nee there, and then backwards to the medial wde of the left optic tract Tlie crossed bbres from 
the upper medial quadrant of the right optic nerve (brokm red fine) pass bvchwards along the same side of tho 
ehnsmv to lU posterior angle and then across its posterior part to the upper medial quadrant of ihe 
opposite tract 

The uncrosseil fibres fmm the lateral half of tho nerre are spnrvd out in (he bolj of the chiastila so that those 
from the upper quadrant ho medial to those frum the lower 

At eaiK side of the chiasma crossed fibres from both aulca ate mingleil with iiinri>!.scd fibres of the same side 
Tho position of the macular fibres iv indKatrd by the thm blick lines These fibres oiciipy a relatively Urge 
area in the jHwtcro interior part of the chiasm van I arc therefore cudy affected bv interference from below an 1 
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Bitu'ifed ^\ouId cause a pericrccal acotoma or enlargement of the blind spot wjule 
if the second be correct peripheral restriction of the field ^\ouId result It is probable 
timt the fibres are mingled m the retina and that their relationship alters as the\ enter 
the nerac the pcripapdlnr) fibres being peripheral at the papilla but becoming more 
central after the lamina cribrosa is pissed On this assumption a retina! sector or a nerve 
fibre bundle uotild occup} approvimatcU a sector of the nerve head the apex of the 
nene sector receiving the peripheral retinal fibre.s and the penplier) of the nerve sector 
the pcripapillarj fibres In such an arrangement the fovea! fibres being really pcnpheral 
fibres would pass to the apev of the temporal quadrant te to the centre of the nerve 
Histological evamination has not 5 et shoum more than an approximate topograpliical 
relationship between the retina and the optic nene 

The anatomical feitures of the papilla probabl} exert an important influence in 
determining the exact wa} in which the field changes develop in indiridin] cases of 
glaucoma Their relation to the normal blind spot has alroad) been referred to 

Opbe Nerve 

The course and relationship of the fibres from t)ie different retinal quadrants after 
thej leave the c}eba!l arenot jet definiteU known m full detail In general arrangement 
a sector of the retina is approximate!) represented by tbc corresponding sector of the 
nerv e, and the superior, inferior lateral and medial fibres retain thoir respective positions 
throughout the whole oculo occipital visual path For the more exact architecture of 
the visual path we mav accept for the present tbc mam features of Ilcnschcns (165) 
well known description (Fig 31) although there are difficulties m regard to details 
Immediately behind the ej e the fibres from the nasal half of the retina the crosacd 
bundle occupv the mcdml quadrant of the nerve tho«c from the central area thcpapillo 
macular bundle the lateral quadrant Tbo crossed fibres occupy about three fifths of the 
nerve section The fibres from the temporal retina the uncrossed bundle are separated 
b) the papillo macular bundle into snpenor and inferior groups which pass into the 
superior and inferior quadrants of the nerve This grouping would necessitate a re 
arrangement between the retina and the beginning of the nerve since as we have seen 
both crossed and uncrossed fibres piss the edge of tlic papilla together m the same bundle 
Tins IS evident from the ophthalmoscopic stud) of opaque nerve fibres and from the 
arcuate «cotomata of glaucoma and other conditions Tlie part of the retina winch hes 
betw ecu i V ertical line through the macula an<l a similar line through the papilla giv e* n^e 
to crossc<l fibres which exccptui"tho«c belonging to the papillo macular bundle pas.^.mto 
the upper and lower i>ole'i of the papilla together with the imcrossed fibres from tljc 
superior and inferior temporal retm il quadrants II the bundles are alreadv «egrcg ited 
inunediatelv heliind tlic cjcball tlio cros^cil elements must leave the uncro&scd in the 
neighbourhood of the 1 imina tribrosa 

'More jiostcnorlv tlie two portions of the uncrossed bundle come together so tint 
about the level of the entrance of the central retinal arterv the macular fibres form i 
central core the medial and lateral sides of the nerve being occupied b) the cro e*l and 
uncro''''ed fibres rcspectivolv Vt this part a cross section of the nerve eorrcsjHJiids 
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approximately to the retina and a sector or zone 
m the nerve contains the fibres from a similar 
retinal area. 

In the terminal part of tlie nerve imme 
diately m front of the chiasma a strong glial 
septum enters its upper surface and extends 
obhquely downwards and medially in a slant 
ing direction splittmg off, as it w ere, a supero 
medial mass of fibres (Fig 256) These are the 
crossed fibres and in this ivay they become 
separated from the uncrossed, so that a lesion 
about this level may affect either predominantly 
or solely. The crossed fasciculus occupies the 
medial and infero medial part of the nerve, the 
direct fibres the supero lateral and lateral part 

At this level the nerve also contains, in its 
lower part, the knee of crossed fibres from 
the opposite nerve (Plate III) 

Chiasma 

In the chiasma the fibres of both nerves 
spread out and intermingle The crossed bundle 
assumes a roughly quadrilateral outline extend 
ing to the margins of the chiasma before it is 
collected again to the medial part of the oppo- 
site tract Although much labour has been 
expended on the problem of the chiasmal cross- 
ing the arrangement of tlie fibres is still some- 
what uncertain, and the following description, 
based on Wilbrand and Saenger, ma> be modi 
fied m the future (Plate III) Those fibres 
which come from the inferior part of the crossed 
bundle m the ner% e, originally from the er 
medial retmal quadrant, cross m the lower part 
of the front of the chiasma The more 


F.a (..omniD) ™ t,. anterioil} placed memljers o£ this group, after 

DiTTRiBiTTiov AKo Cc cKSE OF TKE \ERrB fiBREs crossuig tum fonvurds iiito tfic termination of 

IK THE Ketika Optic Nerve and Tr*CT (right , , i ii. t i „ 

SIDE) the opposite optic nerve, where tne\ lorm a loop 


Tbe chiasmal section is slightly modified from qj. tnee m its Under sutface and then turn back- 

l\ ilbrand and Saenger 

wards along the side of the chiasma to the 


beginning of the tract, in which they occupy the infero medial quadrant The upper 
fibres of the crossed bundle m the nerve, coming from the upper medial retinal quadrant, 


cross in the middle and posterior parts of the chiasma near its lower surface and pass mto 
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tlie supero incdml quadrant of tlic opposite tr itt llic more posterior fibres of this group 
pass backw ards along their oii n side of the cbiasma before the> cross, and enter the com 
mcncement of the homolateral tract where thej form a loop similar to but blunter than 
that formed b) the anterior crossing fibr^ m the optic nerve The} then cross at the 
jiostenor border of the clnasina 

Tlie uncrossed bundle passes from the upper lateral part of the nerve along the same 
side of the chiasma to the upper lateril part of the tract As it passes backwards it 
forms a somewhat flattened oval baud m the lateral part of eicli half of the cluasma 
At first It lies at tlic edge of the chiasma spirsel} mtenroven uith crossed fibres winch 
hrthei backuarth closel} mi\ witli and surround it Clinical evidence suggests that the 
upper uncrossed fibre* from tlie upper lateral retinal quadrant lie on the medial side of 
the uncrossed bundle m the chiasma and extend fartlicst towards the middle of the 
chiasmi, and that the lower fibres from the lower lateral retinal quadrant, lie more 
laterally along the side of the chiasma At anj rate, m median chiasmal interference 
from below, as ui bypophvsial tumour* the lower uncrossed fibres arc the last to be 
mv olved 

Optic Itect 

U tlie tommcncement of the tract the crossed and uncrossed bundles approach 
each other from the cluasma the uncrossed fibres being supero lateral and the crossed 
infcro medial The fibres preserve their relative positions throughout witli little change 
before entering tlie lateral geniculate bod} According to ilmkowski tlie fascicular 
Bcgrcgation in the tract is not well defined He distinguishes an mforo medial crossed 
bundle and n supero lateral uncrossed bundle united b} a middle muxed area Le Gros 
Clark found that the crossed and uncrossed fibres arc cv cnl} intermingled in the terminal 
part of the tract but become separated w the geniculate boily to teach their appropriate 
laminro Clinical evidence however, shows that the crossed and uncrossed bundles are 
suflicicntl) separate, at least in the lower part of the tract, to allow of the production 
b} a lesion of a defect of one field onl} or of Iiomoii} mous Iicmianopic defects unequal in 
the two fields 

Lateral Gemcolate Body 

The \ isual fibres in the optic trict pass to the lateral geniculate bod} According 
to Hcn«chen the relative positions of the different fibre groups are maintained at this 
level The cells m the lateral geniculate bod}, in which the vnsual fibres from the tract 
terminate are arnngtd in lanuna- to which the crossed and uncrossed fibres are separatclv 
distributed The nasal penpherv of the opposite retina is probabi} represented in the 
anterior tliird of the nucleus and the more central parts in regular order towards its 
{Kisteriorcnd, the macula in the interincdiatc part of the posterior two tJnrds 

Putnam and J-<c Gros Clark found that the liomonj nious upper retinal quadrants 
are projected on the medial half of the nucleus and the corresponding lower retinal 
quadrants on the lateral half 

Gemcnio-Calcanne Path 

1 rom the lateral geniculate bod} the visual fibres pis* into the retrolcnticular 
jiortion of the posterior limb of the mtcrual capsule, whence the} emerge as the optic 
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radiation or geiiiculo calcarine path terminating in the area stnata of the occipital lobe 
In the internal capsule they he behmd the sensory fibres and medial to the auditory 
bundle The fibres from the uppei retmal quadrants lie superiorly, those from the lou er 
retinal quadrants inferiorly, m the radiation and are anatomically segregated b} the 
interposition of the macular fibres 



Pio 3 — Tui CoKTicAi. (Cordon Hodies) 

PjagrsJiiinat)c representation oi the cortical rtlma the calrarme and post calcanne sulci are reprosenleil as 
contmuQus and «idel; opened The macnlar area n retafively Urge the per pheral area relativelv small and 
(he visual centre extends farther forvarU on the loner I p of the calcarine sulcus than on the ipper 

Cortical Tisoal Centre 

The cortical visual centre occupies the area striata on the medial surface of the 
•occipital lobe extending forwards from the occipital pole on both lips of thepost calcarine 
sulcus and on the lou er lip only of the calcarine sulcus At the occipital pole it is found 
for a short distance on the lateral aspect of the occipital lobe 

Each centre corresponds to the two homonymous half retinae of its own side and 
may be regarded as a cortical retina representing the ocular retina from periphery to 
centre from before backwards Its most antenor jjart represents the nasal periphery of 
the opposite retina, which corresponds to the unpaired temporal part of the binocular 



INTERPRETATIO^ 01 CILAKGES TUP MSUAL HELDS 


79 


% isu‘\l field, and reccn cs only cro'^cd fibres Behind this the concentric zones of the tn o 
homonjmous half retinm are represcntetl m succession, the most posterior part corre 
spending to the macula The upper and loner rctmal areas correspond respective!) 
to those parts of the corte\ which he above and below the post calcarine sulcus the 
bottom of w Inch represents the horizontal meridian of the rctma The medial penpherv 
of the retina which corresponds to the temporal crescent in the field, is probably 
represented entirely m the lower lip of the calcanne sulcus 

1 or further notes on the anatomv of the visual path and cortex the reader is referred 
to the Appendix III, p 291 


Macular Fibres 

The macuhr fibres come from the apical or central portions of the four retinal 
quadrants and arc collected together to a sector shaped area occtip} ing about a third 
of the p ipilla at its lateral side In the retina thej lie betw een the fibras from the upper 
and lower qiudrants and this arrangement is continued up to the occipital cortex 
Aceorthng to Ilenscliens description immo<hatelv belnnd the c)e the central part of 
this sector contains the superior and infenor crosf?cd m icular fibres w hile its upper and 
low cr p irts w Inch he adjacent to the superior ami inferior uncrossed peripheral bundles 
contain the superior and mfonor uncrossed macular bundles which arc thus separated 
from each other The macular fibres graduallv move towards the centre of tlic nerve 
and form a central bundle consisting of uncrossed fibres laterall) and cro‘«sed fibres 
mediall), cn\clopc<l b> the peripheral fibres which are simihrl) arranged In the 
posterior part of the orbital portion of the nerve the macular fibres form an axial core 
(Iig 31) Immcdiatel} in front of the chiasma the crossed nnenhr fibres as Roenne 
(324) has shown separate from the uncrossed and turn upwards to the infero lateral side 
of the glial septum which enters the nerve ohliqucl) downwards and inwards ut this 
part The) lie superiorl) in the chiasma ami cross m the iijiper Ja)crs of its middle and 
posterior tlnrds The posterior edge of the chiasma consists entircl) of crossing central 
fibres an anatomical feature which is probabi) related to the frequent appearance of 
centnd hemianopic scotomata m chiasmal pressure interference from below The 
uncrossed iiiacuhr fibres are infcro central m the termination of the optic nerve and lie 
centrall) m each lateral half of the chiasma and central!) in the tract 

On cluiicd grounds it seems probable that the macular fibres follow the arrangement 
of those from the penpherv and form as it were, a little chiasma w ithm tlie chiasma and 
towanis its postenor part 

In the tract Ilcnschen’ft scheme shows the macular bundle central m position, the 
relative arrangement of the fasciculi following that of the peripheral fibres According 
to Roenne the crosseil macular fibres enter the tract above the uncrossed. Through 
out Its course the macuhr bundle lies closclv along the connection of the tract to the 
brain «o that it is found at first in the central and siipero medial part of the tract, and 
aathel ittorrotatesoutwanlson its axis becomes ^upera-ccntnl and final)) supero lateral 
and pcnpheral, m w Inch position it enters the gcmculato bodv 

The fibres then pass to the superior liver of the middle and posterior parts of the 
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nucleus and to the major part of its posterior extremity According to Malbran (277) 
tlie^ terminate in the anterior part of the gemculate body 

In the radiation the macular fibres form a segregated bundle separatmg the upper 
from the lower peripheral fibres They terminate in the most posterior part of the 
occipital centre and occupy a relatively laige share of the visual cortex The foveal 
fibres are represented at the tip of the occipital pole 

Although some observers have strongly advocated the view that both sides of each 
macular area are represented m each cortical macular centre, it seems practically certain 
that this IS not the case and that each cortical macular centre represents only the homo 
lateral halves of the t^ o inaculas 

Several points rcq^uire further consideration We have seen that both crossed and 
uncrossed fibres ma} lie together in the same arcuate bundle in the retina and at least as far 
as the papilla There is clinical evidence to show that a lesion m the nerve trunh may 
also involve fibres which m the retina form an arching bundle containing both crossed and 
uncrossed fibres If the segregation of the fibres is as described such a lesion must involve 
the boundary between the crossed and uncrossed fasciculi It is apparent that fibres 
nhich he together m the retina continue to he together in the nerve, and that a fibre 
group winch can be interrupted by a localised lesion at the papilla edge is so shaped and 
placed in the nerve trunk as to be capable of isolated or almost isolated interruption 
there also The fibres remam in such groups at least as far as the cliiasma, whore the 
crossed and uncrossed fibres become separated, so that the groups now contain onlj one 
kmd of fibre and a group or bundle lesion at this level produces a defect bounded by the 
vertical meridian of the field 

The microscopic examination of degenerations following experimental retmal wounds 
has frequently shown difiuse rather than segregated changes in the nerve It is possible, 
however, that some of the degenerated fibres seen are not visual fibres Henschen’s 
scheme caxmot be regarded as ^al, and further research is required 

To sum up it may be regarded as established that there is a segregation of the 
fibres m the visual path into fasciculi approximately according to the arrangement 
indicated, though the demarcation between the different groups is probably not very 
exact and individual variations may occur 

We have seen that the optic nerve corresponds to the retina and that the optic tract 
corresponds to the homolateral half of the combined retma> At some point above the 
commencement of the tract the crossed and uncrossed fibres become intimately mixed 
in such a way that fibres from corresponding parts of the two retina? Jie together Above 
this level each fibre group corresponds to an area of the binocular retma and a mmute 
lesion produces homonjTnous field defects Accoidmg to Roenne, the crossed fibres 
place themselves side by side with their uncrossed fellows in the lower part of the tract , 
accordmg to Henschen, the juxtaposition takes place m the geniculate body Minkowski 
believed that the crossed and uncrossed fibres are still separate in the gemculate body 
and that the intermixture is closest m the radiations and less so m the cortex The 
chnical evidence favours Roenne’s view. 
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An exception occurs in the case of the fibres ^^hlch come from the mednl penpher; 
of the retina As there is no corresponding temporal retinal area tbs group of crossed 
fibres has no uncrossed companions Whether these fibres arc segregated throughout 
the visual path is uncertam, but the chnical evidence indicates that in the geniculo- 
calcarme portion they he on the medial side of the optic radiation and terminate m tlit 
most anterior part of the Msual cortex * A lesion here \nil, tiierefore, affect onl} the 
unpaired portion of the opposite temporU field producing a crescentic j>eriphenl restric 
tion or, on the other hand a lesion may affect the other elements of the path and spare 
this group giving n«e to a homonvmous hemianopia intli a retained cicscentic area at 
the periphery of the affected tcmpoml field (Figs 227, 23S) 

Further notes on the anatomj of the visual path mil be found m the Appendix 

ANATOMICAL INTERPRETATION 

The anatomical interpretation of field defects is the correlation of their position 
shape and extent, and sometimes of their quality , with the anatomj of the nerve path, in 
order to detenmne as far as possible the site of the lesion 

Retina 

Defects due to rctmal lesions depend on involvement of the percipient cells the outer 
stntura or photochemical apjnmtus or of the ganglion cells and nerve fibres, tlic inner 
stratum or conducting apparatus 

AMien the percipient elements or ganglion cells arc affected, without involvement 
of the nerve fibre hj er, the field defect corresponds to the retinal lesion in po^^ition, shape, 
extent and intensity Such defects arc wsiiall) more or less round oval or irregular 
in shape relative reduction m the perception of blue as compared with that of rctt t 
(acquired tritanopia), indicates a lesion of the photochemical apparatus In conduction 
defects cv en of low intensity, tlie supenontj of vision for blue o\ or that for red is usuallv 
verj pronounced In practice this distinction ma> not he easy to establish for, when 
the impairment of the percipient elements is severe vision for red is also reduced (see 
Chapter VII) 

Exaggeration of the defect in cbm light is also characteristic of outer lajer lesions 
These tests are of value in certain cases especially when other indications suggest outer 
stntum involvement and ophthalmoscopic examination is ditficiilt or inconclusive 

The scotoma in retinal disease frequently a%uines an annular form as in retinitis 
pigmentosa and other conditions The ring may be very small and immedmtelv pen 
central ormav he more peripheral and larger, or wav he incomplete The ronuJar shape 
has not yet been satisfactorily explameil, m ‘=ome cases it iniy be due to the great 
supenontv of centnd vision over that of the iramorliatelv surrounding elements so that 
a certain degree of v isual depression inav be sufficient to become manifest in the adjoining 
pirictiitrjl area though not at the centre itself Ihc'C defects should not be confiLseil 
with nerve fibre bundle arcuate scotomata which they miv resemble when thev are so 
situated os to correspond to the lines of the arching fibre bundles 
• So« jlpprpd s ni II.-31 



82 


CLINICAL PEBBIETRY 


Defects due to damage to the ganghon cells present the features of impaired con 
duction — relative red green blmdness md reduced perception of white The field 
changes correspond to the projection of the affected area of the retina and present as 
far as IS known no features which identify them with ganglion cell lesions The} resemble 
manj scotomata due to lesions of the optic nene though the} differ markedly from 
defects due to interruption of the nerve fibres in the retina, since nerve fibre bundle 
defects are never present The usual forms are centroccecal or approximate!} round 
or irregular central scotomata, or peripheral restriction with or without wide sector 
defects 

Lesions of the nerve fibre 
layer produce defects which cone 
sp pnd no t to the area of the lesion 
but to the area from which the 
affected fibres come A__sraall 
lesion if near the disc, may there 
fore produce a very extensive field 
defect The intensit} of the defect 
reflects the degree of impairment 
of conduction that is the seventy 
of the lesion 

It is evident from anatomical 
considerations that a small cir 
cumscribed lesion involving the 
whole thicloiess of the neive fibre 
!a}er near the optic disc on the 
nasal side will produce a^an. 
sHped or cuneate defect m the 
temporal field with its apex to 
wards or joining the blind spot 
and its broad end at the temporal 
penpher} while a lesion at the 
upper or lower end of the disc will 
produce an arcuate or comet like scotoma curving from the blind spot respectiveh under 
or over the central area and ending on the horizontal raphe or elsewhere on the nasal 
periphery 

The depth of the lesion is approximately indicated b} the extent of the defect 
according to the distnbution of the fibres mvolved 

Such scotomata are known ts nerve fibre bundle defects because they reflect the 
retinal distribution of the nerve fibres as they converge towards the papilla 

Strictly speaking e\ er} field defect which is not caused b} damage to cells is due 
to a fibre lesion and when adjaeentfibresareinvolved to a bundle lesion Thetermis 
however, widel} accepted as a convenient expression to indicate a defect which corre 
spends to a group of fibres which he together in the retina Such defects both arcuate 
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and cuncate — for the arcuate defect is merely a cuneate defect bent over the fixation area, 
just as the arcuate bundle is a cuneate bundle bent over tlie macula — are not produced 
by retinal lesions only, but also by lesions at higher levels. The nerve fibre bundle defect 
is, therefore, not a distinctive sign of a retinal lesion. An arcuate defect depending on 
a lesion in tlie nerve may cross the vertical meridian of the field showing that both 
crossed and uncrossed fibres are involved, and, therefore, that fibres wliicli lie together 
in an arcuate bundle in the retina continue to lie together in the nerve, at any rate, in 
such relationship that they can be closely picked out by the morbid process concerned. 
Arcuate scotomata due to cluasmal lesions arc hcniianopic in type, being bounded by 
the vertical meridian of the field, showing that the retinal arrangement of the fibres 
persists at this level though modified by the separation of the crossed from the uncrossed 
fibres. At higher levels the production of ncr\'c fibre defects is uncertain. 

The most typical field changes of this type arc those caused by a lesion of the fibre 
layer of the retina at or near tlie edge of the optic disc as in glaucoma. One end of 
the defect is connected to the blind spot at cither its upjier or lower margin, or, in 
incomplete instances, is so directed that, if continued, it would join the blind spot. 
The other end lies along the horizontal meridian in the nasal half of tha field or c.vtcnds 
to the nasal periphery ; the intermediate part arches around the fixation point in a 
larger or smaller cuia'o widening as it leaves the blind spot so that the scotoma is some- 
what comet-shaped. There may be a cur^'cd scotoma in contact with the upper or lower 
end of the blind spot and extending for a variable distance or it may be isolated both 
from the blind spot and the horizontal tneridtan. Such defects, whether joined to the 
blind spot or not, arc often scimitar-shaped or crescentic, and if double and symmetrical 
(i.c., one above and one below the horizontal meridian) may form a ring scotoma, the 
blind spot representing the stone set in the ring. The extent and intensity of scotomata 
of tliis kind correspond to the amount of interference at the disc margin ; if tlie obstruc- 
tion is complete the defect extends from the blind spot to the horizontal meridian, 
and, if a long and wide bundle is affected, to the nasal periphery of the field. The straight 
edge along the horizontal meridian constitutes Roenne’s mud step, which is most clea rly 
defined wlieii one arcuate sco toma al one, or two opposed arcuate scotomata of unequ al 
.size, are prcsciiL The iiorizontal meridian will then be bared along one side only or to 
unequal extent^ on both sides. It is the projecting bared portion of the horizontal 
meridian which forms the step ; if two opposed arcuate scotomata of equal size arc 
present there is no step since there is no projecting bared part of the meridian. iJetween 
the fixation point and the blind sjiot the edge of the defect is curved, not straight, as 
the retinal mphe extends only to the fovea. These scotomata may vary in intensity in 
difTeront p.irts, which exphiin.s to some extent the different forms which have been 
rcconled, for it may happen that only the more intense portion is discovered. In some 
oases a small visual angle is required to expose the whole extent of the defect. If the 
injnnMl nerve fibre bundle is on the na-sal .ride of the optic disc the resulting field defect 
is wcdgc'shapofl, with its apex at the blind spot or directed tow.utls it if tlie bundle is 
only partwily interrupted. Thus nerve fibre buiullc scotomata, due to papillary or 
juxta-papillary lesions, reflect the arrangement of the nerve fibres in the retina, and are 
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all cuneate defects radiating from the blind spot to the periphery The arcuate type is a 
cuneate defect bent over the fixation point and terminating upon a liorizontal line, which 
we may regard as in a 'sense a port of the periphery, since it corresponds to the horizontal 
raphe which, as already pointed out may be looked upon as a fold in the retinal margin 
(Fig 28) 

0|>t]C K'erre 

Since the cross section of the nerve corresponds m its orientation with the retina, 
the position of a lesion of the nerve trunk is reflected inversely in the field Interference 
with one side of the nerve is associated with a defect m the opposite side of the field, while 
peripheral and central impairment are manifested b} penplicral and centra! visual loss 
respectively A sector in the field corresponds to the opposite sector in the nerve and 
ling scotomata whether of zonular or of nerve fibre bundle type, arc probably due to 
zonular interference m the nerve Defects of hemianopic appearance due to a lesion at 
this level are never sharply demarcated along the vertical meridian and if thoroughly 
examined often show considerable irregularity 

This interpretation holds good for the major portion of the nerve trunk, but at its 
beginning and termination the arrangement of the fibres introduces certain modifications 
A le®ioii in the periphery of the nerve immediately behind the eyeball would involve the 
macular fibres owing to their position at this level, and probably certain cases of combined 
central and peripheral field defect are due to interference in this situation At the 
chiasmal tenumation of the nerve the diversion of the crossed from the uncrossed fibres 
permits of the predommant involvement of one of these groups, more especiall} as regards 
the macular fibres, and the production of uniocular hemianopic defects Scotomata of 
this type may be called “ j unctio n scotomata ” on account of their site of origin at the 
junction of the nerve and the chiasnia According to Wilbrand and Saenger, the m\ olve 
ment of the knee of crossed fi^s from the opposite nerve may be the source of a pen 
pheral upper temporal defect in the opposite field so that a lesion of one optic ner\ e at 
Its junction nith the chiasma may produce defects m both fields 

Fmally it must be remembered that lesions are longitudinal as well as transverse 
and different parts of the nerve may be involved at different levels by the same lesion 

It IS evident that subchiasmaljesions can be distinguished from those of chiasmal 
OL suprschasma) situation hy the absence ol heunanopio characters, that is oi features 
which indicate the special involvement of the crossed or uncrossed fibres of both eyes 
A umocular field defect which extends to both sides of the vertical meridian must be of 
subchiasmal origin Bilateral field defects of this” type must be due to bilateral nerve 
lesions since, if due to chiasmal interference the lesion would require to be so placed and 
of such intensity throughout as to produce an equal degree of impairment of the different 
fibre bimdlcs The anatomical arrangement of the chiasma prevents tins, and bilateral 
defects v\bich occupy both sides of the vertical meridian of the field can always be shown 
by quantitative perimetric analysis to be of hemianopic type if they result from lesions 
situated at or above the chiasma 

In the subchiasmal path, however, the exact site of a lesion is betrayed only to a 
limited extent by the shape and position of the field changes produced Depressions 
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of various kinds and arcuate and ring scotomata, similar in form, may be produced by 
retinal as well as nerve lesions, and, ■with the exception of some uniocular defects of 
hcmianopic type, the field changes do not indicate the level in the nerve trunk at which 
the lesion is situated. The centrocajcal scotoma, for example, so common as a result of 
subchiasmal interference, docs not appear to be related to any special situation. 

Pericajcal or juxtacaical scotoma (enlargement of the blind spot) may be due to a 
lesion of the retinal cells or fibres surrounding the optic papilla, or to a lesion of the 
fibres in tlie nerve which come from the peripapillary part of tlic retina. The diagnostic 
significance of changes in the size of the blind spot depends not on the amount of tljc 
eiiiargcmcnt but, as in the case of any other scotoma, on the type of alteration. 

Chiasma 

In the chiasma the arrangement of the nerve fibres causes lesions to produce defects 
of bi temp oral hemianopio type. Variations in the jiosition of the lesion cause differences 
in detail but do not alter the tj’pe. The close inteimingling of tlie fasciculi is such that 
the interference irlierever situated never produces a uniocular field defect, except in 
the earliest stage, nor a pure homonjmous hemianopia 

Tract 

A lesion hero produces homonymous hemianopia ubich may bo congruous or incon- 
gruous. Not infrequently tlic defect is more advanced in one field than in the other, 
and cases of sector or quadrant defect in one field only due to tract interference have been 
reported. Tract hemianopia is frequently incomplete and shou’s variations in intensity 
in dificrent parts of the defect which often presents sloping margins The fivation area 
may or may not be spared. Lesions of the anterior end of the tract may betray their 
position by afTecting the chiasma also, in which case field defects of bitemporal type 
become added to the homonymous defects already present. It is possible that mcon- 
gniity may be more pronounced or more frequent in lesions of the anterior part of the 
tract than in those of the posterior part, but apart from tins there is no penrnetne sign 
Indicative of the level at wliich the interference is situated. 

Geiiicii]a>CaIcariae I^(b and Visual Cortez 

Congmous homonymous hemianopia with sparing of the fi.vation area is the 
characteristic field change produced by a Icsiou beyond the tract. The fixation area 
is seldom divided. TJie determiiintion of the site of interference is based on pathological 
as \\cU as on anatomical grounds since the character of the field clianges dej tends largely 
on the nature of the lesion. Throughout the path the field changes conform to the 
anatomical conditions, u superior lerion producing an inferior defect and so on, but the 
perimetric features do not in themselves indicate the level of tlie le>ion. Here again 
lesions may affect a considerable length of the path or may be multiple, and in this 
way difficulty in interpretation may be }>roduce<l. The subject a ill be ilealt iWth later 
in more detail (ClmptorXI). 
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PATHOLOGICAL INTERPRETATION 

The pathological interpretation of field defects depends upon the correlation of 
the visual changes vnth the nature of the causal jnorhid process It is concerned uith 
the onset and course of the changes and with their extent, intensity and imiformitv 
It IS hardly necessary to point out that the pathological interpretation cannot be con 
sidered apart from tlie anatomical since different parts of the nerve path are especialh 
liable to different forms of disease 

In respect of the field changes produced wc may regard a lesion in the \isual path 
as consisting of a focus of disease shading off mto healthy tissue through a 
surrounding zone of impaired nutrition due to cedema or congestion caused by the 
reaction round the focus In tlie field these conditions are represented by an area of 
intense defect surrounded by a zone of less depressed vision Impaired nutrition leads 
to iveakened resistance so that, if the adverse conditions contmue, the focus expands 
by including some of the surrounding damaged tissue, while previously healthy elements 
become damaged in turn If the adverse conditions dimmish the contrary process 
occurs, and only the more severely injured elements remain permanently impaired 
(See also Behr 25 ) 

Some of the characters of defects are more easily explained than others The 
extent of a defect corresponds to the amount of the cross section of the \ isual path 
which IS damaged, wherever the lesion is situated On the other hand, although the 
intensity and uniformity — or absence of uniformity — of defects conform broadly to 
similar features in the causal lesion, the interpretation of these relationships is not ahiays 
simple The se\enty of the lesion as indicated by functional testing depends on tno 
factors — the number of nerve elements affected, and the degree of damage suffered by 
each element It is impossible to differentiate by perimeiry’ een nerve fibres or oeJJs 
which are divided or killed, and others which are merely temporanlv mcapablc of con 
ducting appreciable impulses In partial impairment of function colour vision is first 
diminished and vision for white is demonstrably reduced only when the impairment has 
reached a certain degree In the area of a lesion a large percentage of the ner\ e elements 
may be slightly affected, the remainder being either healthy or severely damaged Here 
the chief element is the preponderance of fibres uith impaired conduction as against 
fibres ^\^tll normal or no conduction, as might be expected m a lesion i\hich is de\ eloping 
or which IS approaching recovery Vision for white and colour are both reduced but 
there is an excessive loss of response to colour, that is to say disproportion is present 
{Roenne 327) This indicates the mobile nature of the lesion and suggests that either 
further advance or improa ement may takejilace The greater the degree of disproportion 
the more rapid the change and vice \ersa Disproportion may be present in different 
degrees at different parts of a defect and the indications it affords are correspondingly 
applicable On the other hand there may be m the area of the lesion a small percentage 
ofseaerely damaged fibres, fairly e\enly distributed, all the others being healthy orafew 
slightly damaged In this case the mam featureis complete lo®? of conduction in most 
of the affected fibres, which constitute only a small percentage of the hole, a condition 
suggesting that all the damage has been done and no more is impending, immediately 
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nt iin^ rate as might be ex|iectecl m a st-itionary lesion Here proportion bctwctn the 
fields for colour and uhite is found and the prognosis is little or no furtlier increase hut 
also little or no improvement The relative numbers and distnlmtion of the health) 
parti) damaged and severtl) damagwl elements v^rj according to circumstances and 
the nature of the intensity of the corresponding field defect ma) justifiahh be regarded 
as altt avs the resultant of the tno factors mentioned 

Ihe relation betneen the uni/ormit} of the defect md tlrnt of the lesion is compir 
cited In the v nr) ing \ alue of the field betuceu centre and pcriphcn , and b\ the question 
whether functional impamnent is as easil) produced in one set of fibres as in another 
In the same degree of dannge Reference has alreidr been made to the possibdit) tint 
some cases of zonular ring scotoma for example ma) be due to the pronounced 
superiont} of visual acuit) at the fovea over that of its immediate neighbourhood The 
point IS of relativ elv 'shght and hi^cly theoretical importance, and onl) arises in relation 
to parts of a defect at different distances from the fixation point Mthongh more 
accurate knowledge would help to retluce our margin of error in making inferences there 
seems no reason to fear that tliLs will be excessive if wc assume tint in an> field defect 
different degrees of visual loss represent areas of damage in the visiul patl 
cortcspoudingl) diRenng ui sev eritv 

lield changes which suddenl) appear or alter indicate corrospondingl) active 
lesions When the defects are found to change rapidly in position shape extent or 
mtensit) , it may be inferred that the lesion in the nerv e patli is of acute tjqic inflam 
raation or rapidlj growing tumour, for example while comparative!) stationarv fields 
indicate more chronic lesions 

The vusunl neurones arc extrcmel) sensitive to impaired or vitiated nutrition This 
raav result from restricted bloo<l supply or congested vcnou'> circulation producofi m 
various wajs b) such influences as mechanical prc'ssure disease injury or cicatiLs-ition 
affecting tlic nerve path or the adjacent tissues, or b) the presence of toxins of exo or 
endogenic origm * Moreover since the sense of siglit is c i^il) tested slight variations m 
function can be more readilv discovered tlian in the case of other nerve mecharnsni'i 
For this reason tlie visual nerve path is perhaps m some wavs spcciallv suitable for the 
cluneal study of impaired nerve function (Uhthoff 418) 

As regards the photocliomical apparatus alterations m nutrition arc brought 
about 111 several wavs Inflammatory foci in the choroid or defects in the clioroidil 
or retinal circulition mav lead to mdema or to cicatncml or degenerative changes jn 
the retinal outer layers The rods ami cones mav become loosened from tlic pigment 
cpithelmm as m the initial stage of detachment from vvhatcv er cause V gt neral lowering 
of nutrition or vitamin deficienc), as in war hemeralopia or xerosis tonjunctivo) with 
hemeralopia can apparcntl) affect the retinal outer lajcrs though here the diflicult 
region of what ls called functional di'^onlcr is approachetl To vvlmt extent toxins act 
dircctU upon the rods and cones IS uni nowii tliemght blrndnev-, of jaundice is probablv 
due rather to the ab*5ence of fat «ohible vitamin than to the pre«enco of toxic substuicco 

• I x-Zd thi" well known losncwl rrpi^nicnlii tn li <rsB luetlon i» M I/r oZ /x pfet on of a 

lo'> tht^lTkpo r Cf),, oTvpm di-pt r«t on rtc 
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There js evidence also that damage or functional impairment may result from an over 
excrci=c of the normal metabolic processes such as is induced bj excessive light Direct 
damage may be mflictod by tumour groirtb, but the nsua] results of this injury on the 
outer layers have not been studied liastly, primary degeneration ma> occur, the 
choroidal circulation being apparently intact 

The clinical manifestation of these conditions is depression of the field, exaggerated 
in dim light, and relative yellow blue blindness, probably due to an insufficient or sluggish 
pro% ision of visual purple together with some impairment of the cones King scotoma 
of zonular type is a common feature Blue appears “ pale ” or greenish or green, and 
some observers hi've found the perception of yellow to be diminished If the conditions 
of the test are made suitable, impairment of vision for red may also be elicited If the 
lesion progresses and the damage becomes more severe, the impairment for red becomes 
more prominent, so that the distinctive yellow blue blindness is submerged in the 
intensity of the defect It is, therefore, characteristic of early or partial impairment and 
not of se\ ere damage or complete destruction 

In many affections of the outer layers the pouer of recovery is extremely high m 
relation to the loss of function at the stage of greatest intensity provided that the initial 
'!e\erit) of the condition has not been too great or its duration too prolonged Though 
highly specialised the cells are very resistant to injury 

As far as concerns the special features of the field changes produced by outer layer 
impairment, perimetry alone can do little to distinguish the various causes, and the uiter 
pretation of defects is mainly directed towards the anatomical aspect, that is, to the 
determination of the site of the interference 

In the case of the conduction apparatus, which is directly nounshed by blood 
vessels, impairment of nutation may occur m the form of restricted arterial supply or 
obstructed venous return Both factors may act together Pressure, inflammation, 
\ascuhr disease and injury and their results both direct and indirect, are common 
causes To toxic substances whether of exo or endogenic ongm the retinal ganglion 
cells and their fibres as far as the chiasraa seem specialh susceptible The first result of 
impaired nutation is diminished conducting pouer which leads to a general lowering of 
perception affecting both white and colour In its early stages this defective perception 
is most easily demonstrated by testing ivith colour such as red or green It must be 
remembered howe\ er, that this is not because the first result of impairment of conduction 
is reduced ability to recognise red, but because the test with red is a convenient cbnical 
method which elicits the alteration in function more easily than a test inth blue or white 
The defect for red is merely a part of the general impairment of perception and can also 
be ehcited for w hite and blue if sufficient trouble be taken Mor has defectn e perception 
of red and green any special significance as regards the cause of the conduction impair 
meat, whether by toxins or otherwise H’cmorriiage or oedema between the ner% e fibres 
«locs not influence conduction -per se, hence the good Msion present in papilloedema 
^\ hen the oedema begins to be replaced by cicatricial tissue secondary atrophy and 
\isual impairment apjiear The defectiae area corresponds in degree and extent to the 
intensity and distribution of the interference The nerae fibres possess a high power of 
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resist \nce, 'incl, provided that the ad\erse conditions ha\e not been sunicientl^ severe 
or prolonged, restitution of function mn} ultimate!} ensue after a coii'^idenble jieriod 
of complete abe}ancc 

Should the injurious influence act with sufficient intensit} or for a sufficient time, 
death and destruction of the axones occur, rendering recoaerj impossible The aisiial 
defect IS now permanent and is not always associated with a proportionate alteration 
in the colour of the optic di'^c, so that the amount of atrophy prc<!ent can on!} 
be correct!} estimated b} pennictr} 

TicM changes due to conduction impairment niaj therefore be regirded as all 
fundamental!} of the same nature and as the evpres^siori of deficient or Mtiated nutntion 
'•omewhere in the vTsual path 

Apart from these general considerations the pathological significance of the different 
forms of field defect is in man} w a}s restricted It is not possible in the present state of 
our know ledge to identif} special forms of defect w ith individual diseases to more than a 
hniited extent A certain relationship of defects wath morbid processes can ne\crthcless 
be traced Dj<«easc spreading inwards from the pial sheath along its trabecula) gives rise 
to peripheral depression of the field m tabes, as a result of plcroccphahc* oedema of the 
nerv e (choked disc) and m certain forms of retrobulbar neuritis The field changes thus 
produced present differences as well as similarities Homon}'mous heniianopia maj be 
due to Iia,morrhage, thrombosis or tumour, and here also differences in such cimracters 
as onset, intensity, and course arc of value m diagnosis Ncitlicr the common centro 
ceecal scotoma nor the arcuate bundle defect originating m the nerve corresponds to a 
special site or a special disease, but the circumstances under which thej occur suggest 
that the former ma} bo pnnnril} duo to toxic and the latter to vascular causes anting 
from pressure or inflammation At the s.ime tune the field changes of tobacco ambl) opia 
and glaucoma arc almost pathognomonic, and it will be found that, when all the 
characters of field defects are collcctivclv as well ns individual!} examined, similar 
varieties due to different causes often present differences of various kinds w Inch ma\ help 
to establish their identit}, or at least to suggest some form of classification on a 
pathological basis 

Affections of the conduction apparatus mav l>e amnged in four mam groups — 


*^1 Toxic and InQaxnmatory Conditions 

These affect the suhgeniculate, mmnl} the subcluasmnl, portion of the visual path 
and include retrobulbar neuritis and the toxic amblyopias 

The field defects vat} but are pretlommantl} central the on«ot is usualh ripul and 
tlic tendenc} to recover} is almost always a prominent foiturc In certain tv pcs varia 
tion and fluctuation of the field changes occur The causation of the field defeats is 
complex and their chameterv are probabl} relate<l to thcniimiteanatonn of the ttmunal 
nutrient vessels and depend largeh unspecific toxophile tendencies of thonerve vleinents, 
and on va«cnlir congestion and obstruction due to innammation I'robablv all th^'se 
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C'lU'ses act together in \ar)ing proportions in diflerent cases It is notewortlu that 
iier%e fibre bundle defects are not found in unpairmcnt of nsion due to erogenic poisons 
«uch as tobacco quinine or wood spirit 

■^n Pr^pre 

An\ part of the path ma} be affected, the optic disc (glaucoma) and the c lii isio a 
(tumour) being common sites of incidence Ihe defects involve both centre and pen 
pherv of the field, usuallv come on graduallv and are progressive leading to blindness 
if relief is not obtained Variation in the pressure is accompanied b} change" in the field 
defects and removal of the pressure is followed b} rapid recover} unless it has lasted too 
long Ihe effects are pioduced bj venous congestion and arterial ischsemia rather than 
bi direct compression of the nerve fibres Plaque formation similar to that which occurs 
m retrobulbar neuritis ba& been found in cases of pressure on the optic nerve 

In all cases of slowlj advancing field defect care should be taken to distinguish 
the pressure type from the inflammator} t}pe A careful stud} of the liistorv of onset 
la frequentl) verj helpful 

m Vascnlai Disease 

H'eraorrhage, thrombosis and lu^iospasm occur in the geniculo calcarine path and 
111 the retina and anterior end of the nerve , less frequently m the posterior part of the 
nerve the chiasma and tract Embolism has bceu reported in the central retinal artery 
and probablv occurs elsewliere The onset of the field defect is usuall} sudden and the 
degree of recover} usuall} slight except in angiospasm in which it ma} be complete on 
one or more occasions until an attack occurs which causes permanent damage Hiemor 
rhage near but not into the pathway, ma} produce a pressure defect terminating in 
recover) by absorption The shape and position of the defects depend on anatomical 
factors at tlie site of interference, the onset, mtensit) and coarse on tlie nature of the 
disease 

'17 Traumatism 

Fracture of the base of the skull and injuries of the occipital region are the most 
common causes of traumatic lesion of the visual path A certain amount of recoverv 
takes place corresponding to the areas in which the damage is not irreparable, as in the 
case of mdeina surrounding a cortical wound or temporar) congestion or h-emorrhage 
in the optic foramen A permanent defect remams corresponding to the nerve elements 
wliose nutrition is damaged or cut off by the rupture of vessels or b} their subsequent 
obstruction through cicatricial processes The defects produced are determined b} the 
anatomical conditions at the point where the injur} takes effect As is to be expected, 
central defects of this kind are often a'ssociated w itb peripheral defects w hen tlie lesion is 
sub chiasmal but mav be .‘«olated when the lesion is cortical as here the central elements 
luav be affected alone 


In almost all forms of interference with the vi'^ual path, the tendenev to recoverv 
when the cause is removed or ceases to act, which has alreadv been referred to, is a 
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prominent and important feature. It is pronoimced in acute inflammatory cases, in 
wliich complete blindness may eventually be replaced by j)nictically normal vision, 
and is well marked in_ pressure ^ses in vision is sometimes restored in an area 
which lias been blind for months. In certain cases this tendency is less in evidence, 
either o«*ing to the severity of the initial lesion, or to the development of secondarv- 
cliang&s leading to loss of nutrition. As a rule the longer the functional loss persists 
the less is the’ chance of ultimate restitution — in other words, the prospect of recovery 
can be estimated better by the duration than by the severity of the visual defect. The 
tendency to recovery is apparent!}' independent of the causal factor ; it is present, tliougli 
not always in the same degree, in toxic, inflamraator}' and traumatic conditions (unless 
the initial lesion has been too severe, i.c., destructive), and indicates that wliile the 
function of the nerve elcmenta is easily impaired their vitality is relatively Iiiuh. 

It will be noted that the various parts of the Wsual path are associated with different 
morbid processes in a fairl}* well-defined manner. The optic nerve, which alone jiosscsscs 
a definite fibrous tn^ccular framework, has almost a monopoly of toxic and inflammatory 
co'nditIons3*hich become much less common at a higher level. Syphilis and multiple 
seferosU, however, attack the chiasma and lower part of the tracts occasionally. In civil 
life traumatism mo.st frequently affects the nerve, rarely the chiasma. Pre.ssuro'and 
vascular disease are relatively uncommon in the nerve. 

.U the chiasma pressure interference from tumour, usually hypophysial, i.s by far the 
most common lesion, s}*philis and multiple sclerosis are much less frequent, and other 
conditions rare. The tract is less often affected than the cliiasma ; the causes of 
interference are similar, but pressure from outside, c.fj., from temporal lobe tumours, 
becomc.s relatively more frequent. 

' In tlic goniculo-calcarine pathway the nature of the morbid conditions again changes. 
Vascular lesions of various kinds are far more frequent than any other. Tumour pressure 
is by no means uncommon, but in relative frequency comes far hclund vascular disease. 
Toxic and inflammatory lesions, apart from meningitis and abscess, are exceptional. 
In the occipital region traumati.«m appears again, but in civil life only very occasionally. 

Faactiooal Field Changes 

Another group of changes results from functional or psychical causes. Varying 
or uniform dcpres.«ion with spiral or tubular fields, incompatible with org;mic lesions 
and witli other feature.^ in the clinical jncture, are characteri.stic. Such defects are 
sometimes superimpo<iwl on others of organic origin. These field changes vdW be dis- 
cussed in Chapter XIT. 

L.nstly, the possibility of .a ccrt.ain degree of normal variation, |»crhaps more pro- 
nounced in pathological cases, must be l>omc in mind. Slight nltenitions may be found 
when a ease is being pen’cKlicallv cxammc<I from time to time and should bo interprcte<l 
with csiutioii. rractice increases the field and a .efight cni.iigenient in the oa'e of a 
IMjtiont, who has been c.tainined .«over3l times and is becoming a good perimetric subject, 
does not neces.<yirny me.\n an improvement in the morbid condition present. On the 
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other Innd, if the pitient feels out of sorfa or is tli^inclined for the test, defects may 
appear exaggerated although the di'^ease is no norse 

M e see, then, tliat the interpretation of field changes presupposes accuiate oboer\ a 
tion, and is based on the correlation of all the characters of the defects \Mth anatomical, 
phasiological, pathological and psychical factors 


Summary ol the Characters of Defects aad their Relation to Interpretation 


Anatomical 

Interpretation 


Pathological 

Interpretation 


r 1 

Position 

Indicates the position of the lesion m the 
cross section of the \ isual pathu a% 

*■ 

Shape 

Indicates the shape of the cross section of 
the afiected area in the pathway modified 
by the mode of dist'-ibution of the fibres 

3 

Sue 

Indicates the extent of the lesion in relation 
to the cross section of the pathway 

■ 4 

Intensity 

Indicates the degree of damage done to the 
nerve elements 

5 

Uniformity 

Indicates the relatn e amount of damage in 
difterent parts of the area of tlie lesion 

G 

Margins 

Indicates the sharp or graded nature of the 
edge of the lesion 

7 

Qu iht) 

Indicates outer layer interference in retina 

8 

1. 

BehaN lour 

Indicates the onset and course of the le«ion 
and thus points towards its nature 


In connection wth diagnosis and prognosis and in estimating the results of treatment 
an opinion should be ha^ed on the study of all the characters It should always be 
remembered that it is the tyjjc of field change, not the size of a field defect which is of 
consequence 



C1LU>TER VII 


THE CnOROlD RETINA 

The previous chapters provide us with some equipment for a more detailed con- 
sideration of the cliief conditions in which perimetric examination is useful. It wjH 
be convenient to begin with the retina and to discuss seriatim the field changes associated 
with lesions of the different parts of the visual path up to the occipital cortex. 

For the most part choroidal or retinal lesions are easily visible ophthalmoscopically, 
and the study of the field defects, though interesting and often valuable, is not always 
indispensable as regards diagnosis and treatment. The \'isible changes may, however 
be disjwoportionatc in one direction or another to the degree of visual irapainnent, or 
the ophthalmoscopic examination may, tor various reasons, give doubtful or inconclusive 
results or may require confirmation. In such cases pcrinjctr)’ is often very helpful. 

Retinal affections may be divided into tho.se in w'Uich the outer and those in which 
the inner layers arc chiefly concerned. On the other hand, the lesion may not be confined 
to cither layer, and some conditions arc more suitably dealt with elsewhere. The toxic 
amblyopias have, therefore, been placed with affectious of tiio optic nerve, and glaucoma 
is referred to separately, 

I. CONDITIONS MAINLV AFFECnNG THE OUTER LAYERS OP THE RETINA 

Choroidal le.sions involve the retina secondarily, and especially the outer layers?, 
Tlic field changes produced present the features of damage to the photo-chemical 
apparatus, relative yellow-blue blimliicss, as long as the function of tlie outer layer is 
only impaired. ^Yith more severe damage the special characters of the defect become 
lost in it.s greater intensity and the perception of both red and white test-objects is 
destroyed or reduced to such an extent that a comparison test betu'een blue a/jd rcfl 
gives uncertain results. As patients often applj’ for advice only after the condition 
is well advanced, the special quality of the defect is not nlwa)'s found in clinical practice, 
I*ermancncc of a certain degree of ycIIow-bluc amblyopia has been reported and presum. 
jihly indicate.^ that the lesion has remained partial. 

Disseainated Choroiditis 

The changes are easily seen with the ophthalmoscope and perimetry is not often 
undertalcen. 

In a recent case some general depression of the field is u-sually pre.sent, c.spccially 
if the clmngcs are wide.spre.id. Fatchy scotomnto, corresponding approxiniatdy in 
extent to the %nsiblc lc.sions, are found, which m.ay show, in the early stage, the* 
characteristic relative yellow-bluc blindness in greater or less degree, ncconling to the 
intensity of the defect. 

When associated oedema of the nerve-head is pre.scnt enlargement of the blind spot, 
sometimes very pronounced, may be found. The correspondence of the field defects 
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to the \ jsible le<!ioi)s shows tint the nen e fibre hjer remains functionally actu e w itbout 
touching on the question as to whether or to what extent it is invohetl m the inflamma 
tor} process >er\e fibre bundle defects are not common in onlmar} disseminated 
choroiditis though of course they ma} oecur if the lesion spreads through the retim 
The\ inll be referred to later 

It IS often difficult to correlate the degree of visual loss with tlic ophthalmoscopic 
appearances w hich ma} suggest much better or much w orse functional efficiencj than 
IS actuall} present The presence of gross field defects with severe visual loss indicates 
in the earlier stages at any rate functional interference rather than serious organic 
damage and therefore does not necessarily point to a bad prognosis A high degree of 
recover) is common and often surprising m relation to the state of the vision when at 
ts worst Persistence of the defects is of worse prognostic significance and it would 
ippear to be the duration rather than the severity of the visual changes which should 
be regarded as a reliable guide 

In the mature and permanent stage when the condition has become a disseminated 
choroidal atrophy the stage most frequently seen m practice the defects are more 
Icfinite and more intense Relative yellow blue blindness is no longer found and the 
I erv e fibre h} er still escapes Here also good v isjon by Snellen s types may bo associated 
Mth gross visible changes centri! as well as peripheral in the fundus In such cases 
the scotoma is not infrequently ring hi e m character or vision may bo retained lu a 
small area at or close to tlic fixation point illustrating the very local nature of the 
process and the high resisting power of the foveal cells 

Ring scotoma is a characteristic feature of disease of the outer retinal lay ers and is 
prominent m syphilitic choroido retimtis and m retinitis pi^jinentosa In tlic forniir, 
condition Ole Bull found complete or partial sometimes irregular^ wing like or crescentic ' 
arcuate or ring scotomata w hich ho regarded as practically pathognomonic of sy philis ^ 
A certain number of these are probably nerve fibre bundle defects due to damage to^ 
the inner retinal layers from the associated disease of branches of the central retinal 
artery In recent cases they tend to be variable and disappear on recovery Baas 
jiointed out that in sy philitic centr il choroido retinitis the scotoma though very minute 
mav be of the ring variety 

In visu il impairment due to macular disease whether primarily choroidal or retinal 
in origin ophthalmoscopic changes are practically alwaysseen and perimetry is not often 
employed Tie retinal lesions are however not always easily visible even with the 
most careful examination and in such cases especially when both eyes are affected 
either simultaneously or m more or less rapid sequence other conditions may be simulated 
and the diagnosis may be for a time at least extremely difficult The difficulty is 
increased wlien the field defects suggest homonymous or bitemporal hcniianopic or 
qundrint sliaped scotomati This may be the ciac without the presence of visible 
corresponding retinal lesions for it is by no means always possible to correlate tlic fiel I 
lefects with the visible changes The litter may be less discernible m the eye in which 
the field defects are more pronounce I and vice versa I ven when minute retina! lesions 
are detected the extent of tiie field defects often indicates a much Iir^cr area of 
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functional!) altered retma than that m ^\hlch changes can be seen b) the ophthalmoscope 
Jlctamorphopsia may not develop until later. Ring scotoma ma) be present in the 
initial stages 

Tlierc m ly be suiTicicnt spelling of tlie optic di'^c to suggest retrobulbar neuritis or 
even increased intracraniil pressure Di<;ease of various Unds affecting the nerves, 
chnsma, or tracts (Leber’s disease, disscnimated sclerois, tumour) maj be suggested 
In other cases the scotoma may be very small, less tlian 2® m diameter, and of 
lery lou intensity. 
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The screen test at not less than 2 metre* distance affords the best means by which 
Bucii defects cm be adequate^ examined They differ from defects due to nerve lesions 
in being more vague and indefinite in character, and when hemianopicin ty])e the vcrtic.\l 
meridian is not strictly followed. Relative vollow blue blindness may be elicited The 
somewhat indeterminate character of these changes stimulates the observ cr to a specialh 
careful scnitinv of the retina winch usually enables the diagnosis to he established 

Choro^al Changes in Uyopta 

Much has been written in rogan! to the fieM of vision m myopic eve* by Mei«s and 
other observers IVripheml contrartion has been noted, but in itself has little ••pecial 
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significance or value as a clinical sign Multiple concentric ring scotomata haie been 
described and may be regarded as of functional origin More important are tbe altera 
tions in the central field which occur as paracentral or central defects of various kmds 
associated with visible choroidal changes Different forms of ]uxtac£ecal scotoma may be 
present, including arcuate and annular defects Most, if not all, of these appear to be of 
zonular type due to the distribution of the choroidal degeneration, and conduction inter 
fereiice with groups of nerve fibres does not appear fo occur Typical nerve fibre bundle 
defects with nasal step have not been found in uncomplicated choroidal atrophy in 
myopia 

As a rule the surgeon obtains all the information he requires bj the ophthalmoscope, 
but in certain cases this examination may advantageously be supplemented by perimetry, 
especially when the question of the onset and progress of central degeneration arises 
According to Cantonnet functional alteration precedes the fusible changes in the area 
between the disc and the macula IVhen choroidal degeneration is seen commencing 
at the outer side of the disc examination with the screen will show w hether the associated 
defect corresponds to or is in excess of the visible changes In the latter case, especially 
if the edge of the scotoma towards the fixation area is sloping or indefinite, a progressive 
choroidal degeneration is indicated, whereas if the defect corrcsjionds fairly closely to 
the area of visible change and presents a sharp margin towards the centre of tlie field, 
the process is relativel} stationary 

Visible changes may also be present in or near the macular area although central 
acuity by Snellen's test is atiU good, and in other cases in which the fundus is not clearly 
seen it may be desirable to ascertain the state of the macular region In such cases the 
screen examination with small white or coloured tests is helpful In commencing 
choroidal atrophy the test ob)ect is seen to “ go in and out ” and although foveal vision 
begins to decline it is often not at the fixation point that the defect first becomes manifest 
Thus the atrophy may gradually advance without disturbing the patient until the fo\ea 
becomes involved, when the loss of central acuity immediately causes anxiety In some of 
these cases the examination of the central field a'^sists the surgeon m regard to prognosis 
and guides him m advising the patient 

Ttaumahsm 

Although in traumatic rupture of the choroid a crescentic scotoma corresponding 
in shape and position to the lesion might be expected, 1 have hitherto failed to demon 
strate a defect of this kind, nor is there any evidence of damage to the nerve fibres at 
tbe site of the rupture A central scotoma of retinal outer layer type is present, due to 
the associated macular disturbance 

The condition Icnown as commotio retincL, m which the macular area presents a more 
or less cedematous appearance opLthalmoscopically , usually affords an excellent demon 
stration of the relative central scotoma for blue with well preserved perception of red 
There may be also a scotoma for white sometimes very small, according to the seventy 
of tbe macular injury 

Where the qualitative colour scotoma alone is present the prognosis is good as this 
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defect disappears in a few daja, tlie scotoma for white indicates the probabilitj of 
permanent impainncnt of vision 

Detachment ol the Choroid 

Two \aneties of this condition are recOj»nised, the post*operati\ c and the spoiita 
neons In post operati\ e cases penmetr} is not usually required for diagnosis or prognosis 
nor are the circumstances usuallj suitable for this form of e\ainination Although the 
retina retains its relationship to the choroid, functional impairment of the affected area 
IS severe Vision on cr the detached area is much more depressed tlian ov er an area of 
shallow detacimient of the retina, in winch the retina is separated from the choroid, and 
it IS more depressed than o\ er a flat solid tumour m nn Inch case the retina is in contact 
witli the choroid The cxjdanAtioii maj possibly be that the great elcNation of the 
choroid interferes with its Nascuhr supply HoweNcr this maj be, Nision returns in 
post opcritnc choroidal dcUchmcnt when the cJioroid resumes its position Little is 
imoNsn of the details of the state of the field Tuclis found that the field was frcqucntl) 
contracted for OKlinar} perimeter tests, though lai^e objects could be seen as far as the 
normal boundarj In one case he noted that the contraction for blue Nvas extreme in 
comparison to that for white In several cases exanuned hy the author the visual defect 
w as much more intense so tliat differential tests could not be earned out The prognosis 
is good and the question of differential diagnosis is unlikcl) to arise 

In the spontaneous fonn there ma) be true detachment of tlio retina in addition at 
one or more points and the diagnosis mnj he between simple retinal detachment, 
choroidal detachment and ciioroidnl tumour In some recorded cases rctmal function has 
been found to bo retained longer than m retinal detaUiment, and m one reported by 
Simon the diagnosis was assisted b) perunetne examination, which showed that colour 
vision and adaptition were prcserNcd except over the parts Nvhere the retina was 
separated also The spontancoiw form is uncommon and the prognosis unfoNourablc 
Vision does not alwnjs retuni, should the choroid resume its position, jirobablj ONving 
to tlic prc*! 0 iicc of disease 

Retinitis Pigmentosa 

Tlie field changes are chanictcrised bj the presence of a ring scotoma, peripheral 
depression, slow progress and the relatiNC prcscr\atiou of central vision In addition, 
niglit blindness is prc‘5cnt in greater or less degree, and the ptrimetnc defects arc evag 
geratod m dim liglit 

A s) stematic detailed analysis the quantitative method docs not appear to liav e 
been carried out as jtt Bjcrnini, however, found that the field penpherj, when ajipa 
renth normal for large objects, showed consKlcrablt restriction with a small test and 
Kbllncr elicited percejition in the penphtrj b} strong btinuihtion when the defect was 
apparently absolute wlien tested by the customary mctliods The essential field change 
13 therefore a gradual depression, commencing first m the inner part of the peripheral 
zone then mv ol\ ing the periphery , and lastly ,a3 a rule, the centre Various forms of field 
change hav c been dosenhed, but it is preferable to regard the different types of dc feet as 
stages 111 a progressive process 
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In the earl> stages widespread irregular and uneven depression of the field appears 
except m the centre Especially m the inner part of the peripheral zone patchy indefinite 
scotomata are found, difficult to map out exactly Central vision may be * with a field 
for ^oT^ol only a few degrees in diameter This small central field persists while the 
changes develop m the more peripheral parts The patchy defects coalesce to form a 
ring scotoma which is usually well developed by the time that the patient seeks advice 
This scotoma lies in the outer part of the central area and the inner part of the pen 
pheral zone, usually between the 10 and 40° circles Its mdth \aries approximately 
from so to GO'’, and at first, the intensity may be slight and the rmg incomplete The 
intensity vanes so that m some parts the depression may be slight and m others severe 
or absolute, and on this account a complete ring mav appeal partial unless the examma 
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tion IS thorough The margins are rather steep centrahvards, but more sloping 
peripherally Associated with the ring scotoma w a certain degree of peripheral depres 
Sion As the disease progresses the scotoma becomes denser and mder, more by 
peripheral than by central extension, and at the same time the peripheral depression 
becomes deeper, so that finally the scotoma breaks through to the periphery, usually 
towards the nasal or upper side The peripheral field now begms to disappear at the same 
part, so that in the later stages onij a sickle shaped temporal or lower temporal patch 
remains, requiring a strong stimulus for its demonstration Large and bright test-objects 
such as a sheet of white paper, should be used m testing the peripheral retina before 
concluding that it is absolutely functionless The central field is usually round, but may 
be a somewhat horizontal oval, extending farther temporally than nasally At first it 
extends some 30® to 10° all round the fixation area, but, as time goes on, slowly becomes 
more and more restricted and very steep edged It retains its aemtj in a relatively high 
degree to a late stage, e^en when extremelj contracted, and nearlj always survives the 
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pcnp}{cril rcmnatjt Tlie steep edges of the snuil! «;ntnil field are largel} responsible for 
the loss of orientation \\hich is so troublesome to patients \\itli retinitis pigmentosa 
Colour vision is lost in proportion to Msion for i\hitc m accordance intli the aerj 
b1oi\ 1^ progrc&snc nature of the lesion A special vcUow blue amblyopia has been noted, 
but IS not a commonlj obseraed feature probabl) on account of the stage at avhich the 
cases usualK come under obsorv'ition 

The defects progress slowly and gniduall) and incline strongl} towards symmetry 
in the two fields, although the} ma} be more advanced on one side tlian on the other 
Exaggeration in dim light the so called tor 2 >or retinio, is a prominent feature throughout 
Variations from the tj'pical chancters have been described, but are uncommon 
The nng scotoma ma} increase cluefi} b} centripetal extension leaving a rclafivel} 
extensive penplieral seeing zone and sometimes the central field may be lost before the 
outer part has corapletel} failed Central scotoma is also reported but is rare 

The field changes correspond approximate!} to the pigmented area of the retina, the 
chief difference being apparontl} in the direction of excess of field defect over visible 
pigment 

In carh cases in which little or no pigment can be discovered (retinitis pigmentosa 
eino pigmento) the ring scotoma is present and its character assists the diflerentiation 
from other varieties of niglit blindness without retina! changes such as the congenital 
hercditan non progressive form in which the fields arc contracted cspeciall} m feeble 
light, and from functional cases 

An ophthalmoscopic picture resembling that of retinitis pigmentosa ma} bo present 
m cases of retinal pigmcntar} degeneration secondar} to clironic choroidal disease but 
numerous scotomata, varjang in shajie and ^izc are distributed throughout the field 
seldom fonumg an actual nng sectoral, and never as the first sign, though the} may be 
more numerous in tlic intermediate zone These scotomata appear to remain stationar} 
for a long time and the peripheral contraction is slight (Hepburn 172) Hepburn 
rcgirded the perimetric findings ns useful m diflcrcntiatmg between these two t}'pes in 
ca'^es m which the diagnosis on otlier grounds is doubtful 

Prognosis is guided b} the fact that the central field usuall} outliv cs the penpheral 
As long as there is some vision m the penphet}, complete central loss is in most cases 
still some distance ahead 

Bevond provadmg additional evadence that in the first instance it is the retinal 
outer ]i}ers which suffer, jierimetnc studies have done little to tlirow light upon the 
p ithologv of the di'^case Tlie nature of the field changes and theic onset and course are 
dcfinitclv agaiu'^t the view that the disoi«« is basctl u|Km an equatoriall} situated failure 
in the choroidal circulation 

Other Taneiies ot Ring Scotoma dne to Impairment ol the Onter Layers 
Ring scotoma miv be due to bricht light or to malnutrition These cases form 
a somewhat mdcfinite group m which the distinction between actual mjun at the one 
extreme and a psvchical manifestation at the other is often ob cure 

I xamples have liecn reported following exposure to lightning flash (Hancock), 
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and to furnace light (CJaiborne) Diffuse br^ht light n^as apparently the cause in the 
cases of fliers and anti aircraft artillerists observed hy Zade, 'who found narrow, relative, 
annular or sickle shaped defects penpherallj situated usuall} about 50°, rarel} less than 
35°, from the fixation point Such scotomata were temporary, but sometimes remained 
for several months and were avoidable if dark glasses were used Somewhat similar 
scotomata w ere found by Spelcers and Jess in cases of visual damage by sunlight 

Ring scotomata of this kind are, with possibly a few exceptions, functional m origin 
and are distinguished by their very narrow width, peripheral position anil progress 
towards recovery when the cause is removed 

In night blindness due to malnutntion or war conditions ring scotoma has been 
found PenmetrJ has proved of service in separating those cases due to definite clioroido 
rctiml disease from the — under campaign conditions — commoner form due to funi tional 
impairment, an important matter m connection with treatment and the allocation of duty 
A low degree of night blindness is often present in myopia, and ring scotomata have 
been found (Usher), but their causation is not thoroughly established Apart from 
choroidal disease they are probably psychical manifestations 



Ecbiise Scotoma 

Retuial lesions following exposure to bright light such as the sun, electric welding, 
or electric flash are probably duo to the effects of heat A smaU central scotoma is the 
usual result though ring scotoma, as already mentioned, has been recorded 

The most common of these condition's, and the one most studied, is the eclipse 
scotoma which follows unprotected observation of an eclipse of the sun Vision by 
Snellen’s types is often good, though i^maptomatic of central scotoma, and optlialmo 
scopic examination may be negative The scotoma is usually very small, rarely over a 
degree and often less tlian half a degree in diameter, and may be exactly central or, more 
commonly, may extend rather more to one side of the fixation point than to the other 
It IS relative or relative with an apparently absolute centre, the loss for colour being more 
extensive than for white A permanent impairment of vision for yellow has been 
recorded (Mackav ) VTule the diagnosis is usually easy the examination of the scotoma 
provides additional evidence, which is always helpful, and sometimes essential 
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A large anti dense scotoma indicates a rektivelj bad prognosis although a high 
degree of recover} , except m the v orst cases, is the rule When recover} appears to be 
complete, the 7ctual degree of zashtution should be investigatetl b} the screen, for vision 
ma} reach ® ^^t!l ability to read print with fair flucnc}, while a small scotoma remains 

BeUchment ot the Retina 

The perimetric e\ ideiicc of detachment of the rctma consi>,ts of v isual loss \ ar} ing m 
mtensit} and corresponding m extent and position to the projection of the sepanted area 
The defect is usually rehtne at first, and after some tune beconies absolute It 
merges into the seeing field b\ a sloping marginal zone of >arying width and gradient 
according to the nature of the case A sharp edge ma} be mechanically produced by an 
o\erlnnging fold of ballooned retina and the transition is usually less abrupt in recent 
than in old cases 

Vn interesting feature is the relationship of the field for blue to that for red When 
the retina 13 cle\ ated by serous fluid the resulting defect forblueisrclativcl} more intense 
than that for red, so that the red field overlaps the blue producing a true intcrlacmg 
of the colour field* Blue appears green or greenish, whereas red is corrccti} seen, 
prcvsumabl} on account of the impaired nutrition of the outer la}ers and perhaps also 
because of the separation of the cones from the pigment cells b} a laa er of } ellowi*!! fluid 
11ns oNcrlappmg is often best elicited in the central field where colour perception is 
normally most acute, and is more ea«ily found m recent cases in which the retina is still 
functioning fairl} well It was regarded b} Treitel as pathognomonic of detachment, 
especiall} if present in a circumscribed area According to Kollncr relative blue blind 
ness (acquired tritanopia) occurs in otlicr conditions m the central area of the field and is 
rarcU an early 8}*mptom of detachment 1 have observed it at a \er} early stage 
The examination of the field defects in detachment is of lahie (I) In assisting the 
diagnosis where ophthalmo*cop} is diflicult or mconclusive , (2) in estimating the extent 
of the reparation (3) in estimating the degree and the uniformity of the functional 
loss of the repanited retina , (4) in djsco%cnng the possible prcrcnco of a second lesion , 
and (5) in determining complete healing w ith functional restoration 

In the great majont} of cases the di igiiosis can be cst ibhshed b\ ophthalmoscopic 
examination alone but, while this inetho<l can usuallv casil} detect the area of visible 
or gross reparation it ma\ Iea^c the obrciacr m some doubt if the detachment is ver} 
siiailow or the media ob'>cure As a prelimmarv test, the confrontation method, earned 
out first in dm light and then in reduced illumination, ir \ cr} useful, and the elicitation 
of a defect in the latter case, doubtful or nbrent m the former is most suggestive The 
perimeter and rercon help to cstablLsh the dugno is and show more tnil} the exact 
extent of the Icrion cspecuillv if the examination is conducted vnth small white test 
objetts and with colours Ihe ilefcctivc area found bv rmall white and colourwl tests 
ir alwav s larger than that found bv an object of motlcrate sire and often more extensive 
than the ophthalmo>copic appearances would su^gert 

B\ UMiig a senes of test-objects the degree and uniformitv of the functional impair 
ment nnv be cstimateil features which mav be rujufic^nt in certain cases 
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Wiile we may hope for the ilevelopmenfc of some metliod by which the earliest 
signs of the onset of detachment, at least in those cases in which the onset is gradual, 
may be demonstrated, it is doubtful, having regard to the pathology of detachment, 
whether the detection of an area of impaired vision or the failure to detect any such area 
m a case in which the possibility of future detachment was suspected, would be of 
definite prognostic significance. Nevertheless, in such eyes, the field should not bo 
neglected, as the perimetric findings form a valuable part of the clinical picture 

After treatment the examination of the field by the confrontation method is of 
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value in estimating tlie success of operation and later, ^vhen reattacliment has apparently 
occurred, the field should bo thoroughly tested by serial objects, colours, or in reduced 
light, before forming an opinion os to the degree of functional recover}’. 

Rehna! Detachment secondar; to Choroidal Tomoor 
Although in most cases of detachment associated with choroidal neoplasm the 
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growth is visible and the diagnosis is eomj»arati\ely easy, the study of the field changes 
IS not without interest, and a jwrimctric distinction between the so-called idiopathic 
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detachment and that due to tumour would be of value to the clmician In the former 
the retinal separation is an end result in a diseased eye, whereas, in the latter, the 
choroid and retma are healthy apart from the local effects of the tumour In tumour 
cases the retma is first of all elevated by the neoplasm, but not detached, and, to begin 
mth, no recognisable functional disturbance is produced As growth progresses visual 
loss appears o^vmg to interference with the retmal outer layers, though little if at all 
with the nerve fibre lajer, and finally the tumour emerges through the thinned and 
stretched retma At one stage or another serum is exuded from the choroid and, in 
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Blue Red V — e'o eicenlnc (D J9 0 ) 

addition to the solid elevation of the retma an elevation bj fliud is produced As 
Parsons has pointed out this detachment often comes on early while the tumour is 
quite small and, especially if the tumour is m the upper hemisphere of the eye, may be 
quite separate from it There may or may not be a detachment at the site of the tumour, 
and when present it may be relatively small 

The field changes are firstly those due to mterference w ith the retina by the tumour, 
and secondly, those due to the detachment The relative prominence of the two sets 
of changes depends upon the stage at which the detachment occurs and the area of retina 
which IS in contact ^vith the tumour 

A scotoma develops correspondmg to the site of greatest damage to the retina 
It might be supposed that as the photo chemical elements suffer first, such a scotoma 
would be cbaracterised by relative blue bbndness but in a personally observed ca'^e, 
specially suitable for the examination of this pomt, the defect for blue was smaller than 
that for red, and both colours were well seen over the edge of the tumour Visual acuity 
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does not appear to suficr severely at at any rate, on account of the elevation of the 
retina by a choroidal gron'th. 

As the retina becomes damaged the scotoma becomes more intense at the injured 
part, and when tlie tumour emerges into the vitreous it appears mtlier to push the nerve 
fibres apart than to destroy them. Were the fibres interrupted which pass over the site 
of the tumour the field defect would include a peripheral area corresponding to the part 
of the retina from whicli the fibres are derived. Roenne (352) points out that this does 
not occur, and in my case the field area concerned was only slightly depressed. It would, 
therefore, appear that the retinal fibres, like those of other parts of the visual path, 
arc resistant, and can Buffer much deformation and stretching before becoming 
functionally imiiaircd. 

Wlien detachment of chc retina becomes siiperadded, the signs already described 
arc present, and in the case mentioned interlacing of tlic fields for red and blue was the 
first sign elicited. The field now shows the usual perimetric features of detachment, 
together with, at one part, a more intense scotomatous area corresponding to the most 
damaged part of the retina. According to Berry (33) and Domec, detachment due to 
tumour is characterised by sharp definition of the field defect, and the latter observer 
also noted that the extension found on examination in dim light was less generally present 
in tumour cases. In simple detachment, central vision is nearly always more or less 
reduced, in tumour cases it is more often good or only moderately impaired, unlos.s tlie 
macular area is directly affected. Tlie conditions found \rill naturally vary with the 
circumstances of each case. Sliould the detachment come on early, it is possible that, 
as Parsons has shown, the scotoma corresponding to the tumour may be much less 
intense than the defect over the detachment. It is olso probable that a peripheral 
defect duo to interference witli the nerve fibre layer by the growtli of the tumour will 
not be frc<piontly observed ns the detachment may become very extensive or other 
changes inn}' supen'cne, or the eye be removed, before this stage is attained. 

As reganls the practical problem of diagnosis, it is evident that, in cases of recent 
detachment of doubtful causation, the presence of a circumscribed more intense scotoma 
within the relative defect, or of two separate defects one above and one below, is sugges- 
tive of tumour, and indicate.^ e.xaminalion of the quality of the chauges. It is perhaps 
unlikely that perimetry will be frequently required iu tlie diagnosis of choroidal tumour, 
but ns a Mipplcmentar}* method, esy»ccially in the eaily stages and in doubtful ca.ses, it is 
deserving of attention, while, in addition, it may yield results from the point of view of 
research. 


Other Affections o! the Retinal Oater Inyen 

In thromhosi.s of tlic retinal vein Foster Moore found moderate contraction of the 
field witli occasional irregular defects and a practically constant central or paracentral 
scotoma which may be relative and may require a <Iim light for demonstration. Wlicre a 
branch only was affcctoil, no sector defect corrcsjwnding to the drainage area of the vein 
was ob‘5cr\*od, and no central scotoma unless the vein was directl} concerned with the 
macular arwi, Moore’s obspr%’ations nre of interest as indicating that the venous baeV 
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pressure and lieemorrhages in the inner retinal layers do not seriously affect the conducting 
power of the fibres, in contradistinction to the results of similar lesions m other parts 
of the nerve path where the fibres are more confined The scotoma may be explamed by 
tbe oedema and subsequent changes aifectmg the outer layers of the central part of the 
retma found by Williamson Koble 

According to KoUner, acquired relative blue blmdness in the macular area is 
frequently present m commencing albummuric retmitis It may also be elicited in 
macular cedema from an} cause, with or without star figure In ca«es of high mtra 
cranial pressure with gross swelling of the optic disc the detection of a relative central 
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scotoma of this type, presentmg retmal outer layer characters, is of value m the diagnosis 
of the cause of the visual failure and m preventmg confusion wuth other causes such as 
optic atrophy or local pressure on tbe nerve path 


n coiromoNs affecting the coitouctton apparatus in the retina 

Apart from the toxic amblyopias and glaucoma the retmal part of the conducting 
apparatus suffers m certam choroidal and vascular lesions, and also in mjunes, which 
mterrupt the functional contmmty of the nerve fibres Such interference produces field 
defects of nerve fibre bundle type whose distinctive characters have already been 
described 

Injury 

Injury of the inner layer of the retma by a penetrating foreign body may cause a 
nerve fibre bundle defect (Dalsgaard Nielson 75, Groes Petersen 147) This is a simple 
form of nerve fibre bundle defect comparable to a laboratory experiment 
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Acote Ezcdative Choroiditis 

As Las been pointed out, the nerve fibre layer is not aflectod by tbe lesions of ordinar} 
disseminated choroiditis. On the other hand, certain acute exudative inflammator} 
foci, which differ from the dis-seminated type in that they are few in number or solitarj' 
often penetrate to the fibre layer. Tlie visual consequences reflect the amount of claniag£ 
done and consist of a field defect corresponding to the injurj’ to the rods and cones, 
together \vith, in proportion to the depth to which the lesion has penetrated the retina, 
a second defect corresponding to the area of distribution of the nerve fibres involved. In 
mild cases the outer layer defect may be j>resent alone ; when the condition is more severe 
the inner layer defect is added. 
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A lesion of this kind occurring at the edge of the optic disc is known as choroiditis 
or retmo*choroiditis juxta-papillaris (Jensen), and produces the characteristic arcuate or 
cunoatc ner.*e fibre bundle defect. AVhen the lesion is at a distance from the disc the 
defect is of the same nature, but truncated (Fig. 45A). The scotoma corresponds to the 
retinal area from which the affected fibres come, and nearly always extends to the 
[icriphery. As i.s so common in nerve fibre bundle defects, the fixation area w imaffcctcfl 
unless the le.sion directly nifects the macula or the temporal side of the papUIa. The 
scotomata may occur in any part of the field, on the temporal as well ns on tlic im.'ml 
side, so that both ciuicatc and arcuato types of ncra'c fibre bundle defect are well repre- 
sented, in contradistinction to "laucoma in which cuneate defects arc rare. The lower 
part of the upper lateral quadrant is said to lx* seldom affected. The scotomata are, as a 
rule, .>!eclor sha|>ed and comparatively unde and e.Ttensjve occupying from half to one 
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and a half quadrants of the field or more More rarely they are elongated and narrow 
IVlien arcuate they resemble the Bjermm defect of glaucoma nhen it is nell advanced, 
but they rareh mutate the narrow paracentral sharplj cur\ ed defect found in the central 
field in glaucoma The shape and position of the defects can be correlated by ophthal 
mascopio examination mth the position of the visible lesions bearing m mind the course 
of the nerve fibres in the retina The defect always extends to the position of the lesion 
from uhich it is never separated as may occur in glaucoma bj an area of unaffected 
field Defects at a distance from the bbnd spot are due to lesions correspondinglj 
situated The size of the field defect does not necessarily correspond to the size of the 
visible lesion as the appearance of the lesion does not indicate exactl} how much 
damage has been done to the fibre layer The intensity is nearl) alwajs absolute and 
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uniform rare!} relative and the edges are steep but if the fields are tested while the 
choroidal lesion is still active relative defects with disproportion for colour may be 
found 4t this stage howev er the findings may be modified bj the presence of vitreous 
opacities 

Interpretation — As the defects agree verj closely with the nerv e fibre distribution 
it IS endent that the} are due to interference with the fibres at the site of the lesion 
The lesion causes a defect corresponding to its extent and depth and in addition a 
radiatmg nerve fibre defect which represents the retinal area from which the damaged 
nerve fibres come ^\^len there are two radiating defects as in Fig 48 it may be sup 
posed that the destructive effect of the lesion has not penetrated the nerve fibre laj er 
equall} so that the fibres corresponding to the isolateil part of the field have escaped 
A similar interpretation ma} be applied to the field changes shown in Fig 49 m which 
the upper absolute defect does not extend to the blind spot while tbe lower one does 
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n. ^\ wIso-RhapiNt defrcl tn temporal field eoneapondms lole<lon at upper mednl side of optic ili«- Tlie Itmion 
was sitiiaieif at a little iliitanec from tbe diar, expUimni; the pap lictaeea the abiolule defect and the 
I find spot Ohjeita sJa ioS» (A J , ape SH. I92« 1 


not extend to the poriplicry. It is possible that the damage nmy involve the retina in 
vaiying degrees, killing all or some of the fibres and producing relative or absolute 
defects accordingly. Oireful examination with a wide range of quantimtive tests Ls 
requited to elucidate the conditions present and might possibly throw some light upon 
the layering of the fibres in the retina. Tlie effect on the fibres is probably prothiced by 
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the occlusion of nutrient vascular twigs bj the inlinmmator) focus or by cicatncnl 
tissue According to Uhthoff (430) a small artcrj' maj become blocked 

Diagnosis — ^Tlie recognition of the field changes is of \alue in recent cases in distin- 
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giushing the condition from optic ncuntis, « Inch it maj resemble oiniig to the prominent 
swelling of the disc, and in older cases from post neuntic atroph) In shape the field 
changes resemble other ner\c fibre bundle defects such as those of glaucoma, but no 
mistake can possibl} be made if all the characters arc considered 

Pr<^nosis — The fields in these cases are usually evaminefl uhen the active stage 
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has subsided, and the absolute, uniform and stccp-edgcd defects then found are stationary 
and permanent. In the earlier stages the defects which arc present may diminish, and 
even disappear, ns the disease subsides provided that the damage done to the fibres has 
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Ktlalive defect extending to blind ipot. Vinon { {dus. Tc«t.objects ^ ) 
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A Mlu 1 art S'i>ran(in^) Thml attwk V | ObjnU ,I{b, Centnl lieM ,iA>9* 

n SLs»}I «t 21 yexwiloit*) nr«t of 1 »« •tucks Object* , Is 

.Vote pcnrnij «im<]<icity to ficM ch««ff<M in glaoctmt* 

not been too severe. The prognosis in respect of central vision is good unless the macula 
is directly affected (Heath 101). 

ObstructioQ 0 ! the Retinal Arterr 

Angiospasm, embolism or otlier forms of obstruction m.xy affect tlio retinal arteiy 
or one of it.s branches, r.insmg ischsemia of the nen’c fibre and ganglion coll layers. 
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Both eyes may be affected at intervals, simultaneous bilateral retinal spasm may 
occur but IS extremel} rare Many cases commonly regarded as embolism are really 
examples of spasm The most mterestmg cases of spasm are those which affect young 
and othermse health} individuals 

The mam trunk or a branch only may be affected A ciho retmal tirig or a small 
brancli arising above the lesion and remaining patent may be responsible for a spared 
area In complete ob-^truction of the trunk of the central arter} , Coats found a retained 
area of the field near the blind spot, extending temporally to a greater extent than 
na'sally, suggesting a ciliary source of blood supply to the circumpapillara retina 
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Complete loss of field «ith exception of the centre 
cscal Area The papdlotnecular area of the retina 
showed two unaitccted eilio retioal arteries 
Objects '3 S 19‘>9 ) 





Horizontal henuanopie defect witli diemon of fi. 
tion area V » g Objects (scotoma and 
blind apot) and ,X, (mtcrrunteil line) (A B 
I9»3J 


In complete obstruction the patient usually gnes a history of sudden and total 
blmdness but on testing bj the confrontation method with the hand or a large white 
object some vision will be obtained wi the blind spot region In cases of sudden blindness 
of one eye the correct diagnosis can often be made m this wa} 

The defect due to branch obstruction is of the nerve fibre bundle type, and is 
sector shaped, having its apex at or near the blind spot The sector is usually fairly 
large or may occupy about half of the field according to the distribution of the affected 
branch Usually the upper or the lower half of the field is affected The centrocaical 
area if separately supplied, may be preserved alone, or, if its supply only is obstructed, 
ma} show the only defect — a rare condition De Schweimtz and Holloway found 
that a large central scotoma may be an onset symptom, a small central scotoma 
remaining permanently, a rare occurrence which they attributed to an affection of 
the macular bimdle due to cedema of the ner\e caused by the arterial obstruction 
Sometimes a very large area of the field, inconsistent with the ophthalmoscopic appear 
ances, may be affected at first, recovering to a sector defect m a short time This 
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may be due to an interference wtb the capillary supply of the nerve fibres on the disc, 
restored subsequently by collateral circulation, or to a partial relaxation of the spasm. 
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lemOe, CO Thinl attack of tpatra Ticld 
<nte«l about a year (a<er iixation area invoftcd 
^ imon 1 % Objeeu blind ipot and eeotoma ^ 7 ^ 9 ; 
rplntive acotoma (L . 1003 ) 
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Male. a;« 23 Scren ila^a alter onset of spasm. 
Ifonzontai betnianopit defect tpnnni; Station area. 
\ision I Objects (scotoma and blind spot) 
sfiu unbroken lino, tAs-~- 0'’. C, 1030 ) 
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Male, BceC.*i ‘voioma afTrclinf central Brid taotb aWee and below bonznnlal mcri lun, I ut aroi lin? fixation 
area Orcurrol after of misrainoaml ras«iJardi<tiirh»nrc, riaewhrrva* •ells* ocoiar.for 19 jrart 
\ uion } Ob]fCta jt J, bliinl spot and ecotnota, y^a rrtatiso aeotoma and field outline (Mc^L, 103i.) 


Partial obstruction commonly takes the fonu of occlusion of a temporal branch. 
The obstniction is usually situatctl at or near the disc and near a bifurcation of the 
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sujiplj Tiic other factors present, such ns oedema of the retina and ischcmii of the 
f^anglion ceils have probablj some influence but it is ilifiicult to estuuate its nature 
or amount The ^^atc^shed bct\iccn the arternl hr inches arching oier and those 
curving under the macuhr area is honzontil onl} m the neigltbourhood of the macula 
fFig 257, p 298), ami is iiav} or sinuous farther toiiarrls the temporal [icnpherj of the 
rctinn Iho field defects (Fig 52) do not reprorliicc this outline but tend to resemble 
in shape the nerve filirc bundle defects of glaucoma bhould part of the affected area 
of the retina receive a frcsli blood supply from adjacent sources tins will not result 
m a diminution of the field defect upless the corresponding nerve fibres arc also properly 
nourished throughout their whole length An anastomotic supply to the macula cannot 
restore macular vision if the macular fibres pass through in ischccmic area at an) point 
on their wa) to tiic papilla and the exact results of the obstruction depend on the 
condition of the tcnmnal irterml twags near the papilla as well as at the macula 

The defects arc usuall) absolute and steep edged, and, once established, are per 
mnnent indicating tlie practicdi) complete loss of function inthin the affected area 

Diagnosis docs not usually require the aid of jierjmetrv, which is, nevertheless of 
great value in old cases of branch obstruction when the history is vague and the ophthal- 
moscopic appearances inconclusiv c W lien the case is seen some tunc after the occurrence 
of the obstruction the diagnosis is still casj and definite owing to the verv charactenstic 
features of the scotoma The case showai in 1 ig 55 was diagnosed about a ) car after its 
ocuirrcnce Cases of spasm arc rccogmsiblc bj the histor) of repeated obscurations of 
vasion bcfoio the production of a permanent defect Tlie scotoma m Fig 57 occurred 
after frequent attacks ov er a period of nineteen j cars TJic resemblance of the defect 
to that of glaucoma is likely to present difficult) onl) in certain casts of chrome retinal 
arterial disease vnth raised ocular tension sometimes met with in elderly persons Kven 
here thorough evaininntion will alwa)8 indicate the true nature of the case 

Xerve fibre bundle defects mv) al«o occur m retinal h'cmorrhagc if the bleeding has 
damaged the inner layer of the retina A defect extending to the periphery ma) be 
produced in this wa) by a small hajmorrhage near the optic disc (Baas) Boenne (331) 
dc’tribcd a bundle defect m a case of albuminuric retinitis 



CIIAPICR MU 


GLAUCOMA 

ocular disei'^e is inoru intunatclj associated Mitli perimetry than glaiiconn 
This connection has jiroduced reciprocal ad\antagcs for our clinical knouledgc of 
glaucoma has been greatlj ad\anced m recent \cars bj perimetric studies and it is 
largeU to the in\cstigation of the field of vision in this disease that penmetrj itself o^^Gs 
its dc% elopment 

Regarded from the aspect of the site of interference glaucoma lies betuecn affections 
of the retina and tl ose of the ner% e and while the chief interference is at the optic disc 
there is also probabl} a certain amount of retinal impairment 

In the acute form uith \crj high intraocular pressure owing to corneal cedenn and 
interference inth the retinal arterial circulation the part plajod bj penmetrj is usuallj 
limited to a rapid and rough estimation of the area and acuitj^ of whatever vision is 
present The v\ hole field is greatlj depressed sometimes predomumntlj on the nasal 
side if a chronic tv po of the disease has pre existed 

In chronic glaucoma {glaucoma simplex) perunctrj is of great importance ns it is 
by Its means that the amount of damage done can best be ascertained and the jato of 
progress watched 

The mam features of the well developed glaucoma field arc depression with peripheral 
contraction more pronounced on the nasal side associated with a nasal step and later 
wide sector defects the defects arc relative at first and absolute when well developed 
and colour vision is not impaired m a disproportionate degree Central vision is almost 
always retained until a late stage when the peripheral field has mostly disappeared 

These features remained unexplaine<l until the demonstration bj Bjerrum of the 
nerv e fibre bundle defect The screen examination unclothed as it w ere and analj sed 
the gross changes found bj testing with large visual angles and displajed their true 
nature and significance lie characteristic field changes of glaucoma are nerve fibre 
bundle defects and in glaucoma this tj-pe of defect attains its highest development 

The first fibre groups to be affected arc those which pass from the horizontal raphe 
some little distance bevond the temporal side of the macula around which thej arch to 
enter the upper or lower more often the lower maigin of the optic disc The field 
defect corresponds to this anatomical arrangement and consists of a depression of the 
upper part of the central field between the blind spot and the horizontal meridian to the 
na^al side of the fix ition point As a rule this depression is most manifest near the blind 
spot constituting the baring of the blind spot (ligsCOGl) sometimes it is apparent 
at an earlj stage on the nasal side m the form of a small lasaUtcp (Iig C3) mother 
ca'cs both of thc^c features inaj bo present together (I ig 62 } Then a small curved 
scotoma nj)] ears Ij mg betw ecn the 1 0® and 20“ circles usuallj m the upper temporal field 
quadrant unconnected with the blind spot but so curv ed that if continued its temporal 
end would join the blind spot In its carbest manifestation tins scotoma can onlj 
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be detected b} ^c^> small Msnal angles (cy, and even then not always very 
defijuteh 

x\s it enlarges tins defect extends towards the Wind spot and arches imsalwards 
around the fixation area to the horizontal mendnn of the field and the nasal periphery 
becoming wider as it leaves the blind spot so that it comes to resemble a curved wedge 
or a comet In this more developed stage it is known as the Bjerrum scotoma The 
honrontil edge of the less afTectod or intact field on the nasal side of the fixation area 
corresponds to the horizontal raphe of the retina, and constitutes the “ nasal step ” 
of Roenne As the intensity of the defect vanes m different parts, usually greater 
peripherally, a senes of test objects is rcqiiiTC<l to demonstrate its true extent 

biiunerous intcnnediate forms occur, and as the changes arc nearly always present 
both above and below the honzontal mendian and always in different stages of develop 
ment, an almost infinite v anety of tombinations may be ev olved Although the scotoma 
commonly begins in a tcmjioral quadrant near the blind spot it mav commence in a nasal 
quadrant, sometimes on the horizontal mcndian, vOicnee it gradually extends towards 
the blind spot In some fields a well developed scotoma extending to the blind spot is 
present on one side of the horizontal meridian while a scotoma extending from the raphe 
towarils but not as far as the blind spot is present on the other side (Figs 71, 76B) 

If the exanunot ion is conducted with sufficient care it will be found that the curv ed 
defect is isolated and unconnected with the blind spot though occupving a curve which, 
if continued, w ould trav ersc it In many w ell developed examples w ith absolute defect, 
a narrow band of retained fiehl may remain at the edge of the blind spot separating it 
from the scotoma Ta en m advanced cases the ciecal end of the arcuate scotoma may 
be less dense tlmn the peripheral end Thus extension of, or outgrowth from, the blmtl 
‘»pot 18 not to be regarded as an initial sign of glaucoma, though a scotoma continuous 
with the blind spot is present m developed cases The frequently rcpeatwl statement 
that tlie field change^ in glaucoma simplex are ushered m br the appearance of tuft or 
flame like defects extending from the poles of the blind spot originated in observations 
made with visual angles too large to elicit initial changes and have not been confirmed 
As has alrcadv been pointed out, the horizontal raphC mav be regarded anatomically 
ni a jKirtion of the retinal penpherv folded in to the fovea so that two portions of the 
periphery arc here mutually oppo‘u;d (Fig 28) the field area corresponding to 

one of these becomes depressed, the opposite area becomes demarcated by its horizontal 
straight boundary corresponding to the riphe, which now forms the nasal step The 
depressed area opposite the step may bo tracc<l towanls the blind spot through the arcuate 
scotoma The stop feature is prominent wlien the demarcation takes place at the pen 
phery of the field and when the exposetl side IS littlcailcctcd (Fig 70) Tf both upper and 
lower sides art approximately equally affected, winch is unusual there is little or no step 
\\ hen an arcuate scotoma ixtends to the honzontal mcndian between tlie fixation point 
and the nasal margin of t lie field but not involving the latter, its curved sides and straight 
tennmatioj) give it a slnpe somewhat Te«embluig a Turkisli scimitar with the handle at 
the blind spot (1 ig 78 V) There mav be a curvwl icotoma both above and below, and if 
complete and suffinenth s^mimctncaJ, these may together fonn a ring scotom i encircling 
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tlie fixation area and traversing tlie blind spot A nasal step liiaj be present in addition 
(big 73) 
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A Xiopten /or . 7 ^ riAiT Moving contract ca ot eentnl uopien itotc har ng ot U nd rpot 

for,^ \uonj|+ (M 10 i) 

B AnotWcue Central Held only for}i,%n and More delin te altcrst on of central iioptore \ = 

/, 4- Bunns of blind spot foe sAa ‘*><1 ssbs Per pheral field somaJ (J 10 9} Acute gla coma 
1044 

Both theac eyes were glaucomato a but uitbout cupp ng or pallorof d »o 

Sometimes the fibres on the temporal side of tbc optic disc become affected at an 
earl) stage, leading to a lionzontal oval scotoma composed of opposed small arcuate 
defects aurrounclmg but sparing the fixation area (Fig 79 L) Straight cuneate defects on 




Fif Oft — ^EiDFH Scotomata ,gi,( 

Sc lei (3 I ) 

the temporal side of the blind s{tot seem to be evtremel} nre as initnl field changes and 
arc -sen uncommon e\en as late tlc\elopments in the course of the field changes The 
incidence of the bundle defects is least near the honzontal meridian and greatest ton ards 
the poles of the blind spot The temporal field is lost partly bj the lateral extension of 
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li<i fll — TucrdMA titntr FtcLO Cfcivocs 

\ Crnirit fpl<l of ngl t ejc M n*» bar n" «>{ Muul »p<t Irpfw on above »i»ij na«al slop I er phcry normal 
I)«.euppr<l T -^Ifalln?! I with ploiarpm \ | 

11 I^cfl Central firl 1 show* eoramenc ti" upper leprt^ vn « tb Imnns of FI 1 1 aprt f r yg'ga renphery 
norn al \ { T It* U c ormal Objret* ar far r eye 
C 1 u1 1 cenlral field of •aracc««e after* Tr » D oniha jaloearpMl Itv n;? ccnlril depress on leripfienr 
normal \ 8 + T 13 l>i»e »} oir* no c pp«n~ Ol jerta a* bef rre 
licft central fel 1 at H is t n e unrfiani; sf 1 t tens on ns u (" f'*3 > 

tlefccts winch lm\c orijiinntcd near the pole^ nnti pnrtK h\ tleprcsision the mode of h^s 
(Itffcnnp greatU from thot which takes place m the naaal fiehl 

Pcnphcral isolated pcotomiit i have bten reported b) f'lmon ('174), but are probably 
not a re il jnrt of the |)enmetric picture of pliucomn 

In odibtjon to the rharactcristjc nerve fibre bundle dpfect^ /venphcxid nnd general 
dcpn.''Sion al-^ occur in greater or lesser degree more pronounced in ‘^mc cases and 
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Fro <S2 — Eakly Field CoANoea ik Qlaocoiu 
Ilutory of halos lor ton years la both eyes 

RE V J T 37 DtsenoTtoal Centnl field ebons banngot blind spot, drpretsion of vppor contrnl field, 
end niuel atep for 

LE V { T SO Uiseeuppcd Cenlrtlfieldsimilarlothetofrighte^ebutobjectfis^), Peripheral fields 
normal (C , 1033 ) 
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in some parts of the field than in othere. It is manifested by contraction of the internal 
i<!opters in the less affected, or apparently uuaffcctctl, areas, and may not he evident in 
tlie temporal field until the changes on the nasal side are ivell advanced. A noteworthy 
feature is the strong tendency to sjTometiy of the <lefccts when both eyes are involved. 
Thus symmetrical sectors may be lost, or both upper or both lower halves of the fields. 

When well developed these field changes can be easily elicited by the perimeter, 
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at least as regards tlielr denser parts, but, in their early stages or when of low intensity, 
the screen is essentia). It is also much easier to use, and more accurate than the peri- 
nicfcr, especially in regard to the important changes which lie within the 30® circle. 
The intensity of the defects is alwaj's prade<I, so timt several test-objects arc required 
to elicit the full extent and degree of the visual loss. "NMiat to a large object appears 
merely as a nasal restriction of the field may be shown in this way to extend almost as 
far ns the blind spot and one of the commonest errors in the perimetry of glaucoma is 
the failure to trace the connection between the naral defect and the blind spot region. 
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A Commincttiz cl«prr«ion abotD ftnd Uirraten<^ Innnt; of Uiod i{«t Pctiphcry normal ,23g bhad ipot, 
sAff V| Tan Dim normal (Ths.lOll) 

]| .Sim# tiro jesn latrr K«rnR mn<I pilocarpin constantly ami T 21 thio normal V J 
Dcprraion of upper crntnl field «>tU lianni; of blind apot and nanal step Object* gftSo I’l’tid ipol. gAo. 

.^s (Th*.1033) 

In loss ctindi(ion« nmdar but nc^rtrated IVnphcrj nortoat 
In lOU timilar onilmr* were obtained but with latjrer objects 

Areas of doubtful or uncertain vision for a particular size of object and of rapid exliaustion 
are common. In advanced chronic cases the defects arc often ab'^olutc unth stcej) edges. 
.Vs in all conduction defects colour vision is lost before that for wliitc but there is little 
of the pronounced <Iis|>roportion present in progressive optic atrophy such ns that of 
tabes. As a nde the changes first involve the central field, surrounding hut not Invailiiig 
the fixation area, and usually soon afterwards the periphery, but sometimes the central 
changes are already serious before the periphery is demonstrably nfieeted. 

\Vc may now examine the relationship of the field ch.ingcs to the on«et and course 
of the disc.S'ie. 

At first, the ri«c of tension is transitory, and the subjective symptoms vary accord- 
ingly. Karly field clmnge> may be found when the tension Is ralsetl, and may be 
undcmonstrable when it has fallen, whether ppontaneously or followinc: treatment. 
The field may be normal even when the tension is raiswl. tn other ca«cs there is slight 
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depression, somehmcs confined to, or, at anj rate, most eisil} elicited in the centnl 
field This IS shoivn b} contraction of the internal isopters, so that, for example, the 
I'sopter for -L, pisses to the nasal side of the blind spot, instead of surrounding it Some 
times the isopter for jL is contracted, mainly, or onl^, above, and normally situated 
belov. encircling the lower, hut not the upper, part of the blind spot, so that the upper 
or upper outer part of the blind spot is exposed or bared It is rare to find this exposure 
at the lower pole of the blind spot WTien the isopter is much contracted the baring 

of the blind spot ma} be demonstrable nith an object of tmee the size ^(rig 59B) 

.Sinclair (377) in 190G and later Slalbran (276) found the same feature m earl> cases The 
depre'^sion is not constant, but disappears when the tension is lowered, and ma\ be tlie 





Fio (33 — Glaccoua DiscoTrsto »rBn.o Powr^B FnsrtSiTio'T 
Central del 1 nhowR banog o( bimd sMt nsMl atep and arcuate scotoma below for Quadrant loas for 

« th arcuato scotoma not cstendine to blind spot Obiecte .gg. (b! od spot) .Au and » 5b Pent I cry 
Usceupped 1 J i- T 43 (Ths 13’6) 

licid of r ght eje of pat ent whose left Geld fire years later issbown so Fig 64 

only penraetne sign in ejes definitely known to be glaucomatous Taken by itself, it is, 
of course, not peculiar to glaucoma, though very su^estive when other indications are 
present 

The depression ma\ extend across the upper part of the field, arching over the 
fixation area, to tlie horizontal meridian on the nasal side trhere it appears as n small 
nasal step OccasionalK the nasal step ma\ be found witliout the baring of the blind 
spot, or both ma> occur together (1 jgs 62, 03) 

This depression increases slowly, and may become demonstrable all over the field 
though its intensity is slight The arcuate defects may develop at a relatively early 
stage when the depression is little m evidence, so that there may be advanced central 
defects with no perceptible peripheral field change, or the depression may be widespread 
though still slight in degree before they appear The\ commence more frequently m 
the upper than in the lower field and apparently never simultaneoush in both In its 
earlv stages the arcuate scotoma is not in contact vv ith the blind spot 
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tio M — Earlt Gulucoui 

Centnt fcMs of & {MUrnt «ho liail receite^l ««\er«l duinioM^ both po!>itiTo and negative ion { ptiu 
an 1 tcntion l3 in each o;e IVitU dn<-a tlwply ctippcd capcml); n^ht 

Crntral flcM of right ojn (tn^ s) ahova anitatoarotoRia with nnaal ittp Tho dinuo part o( the Kotom do«^ 
not reach the f tincl apot There ia a icr^ faint indetimte arcuate acotoma belcH for Ohjecta g j?g> 

jo^n is\ifl 

Left e} 0 ahowa commencing deiircavon of upper central CeW with a dim area upwards and temporally indicaling 
tbrratrneil baring of hlind spot OljeitagJJj, IVnphm) lie! b normal 



VnecAtr An’Kf>Acm''0 Itusn ‘'rtrr fbom Nolethostraizhtcilscal >ng the hontmtal men twn 

ItoniioNTM, SftRlnux (V«nder If >eTe -(11 ' 

Votcnaulstcp OhjeciA jr;;-, I Ihi i a(K ( g^.|anl 
go^a llroUen line) T »• - > \ «= J Cenlral 

cupping of iU*r *»o pall r (P IJM 1 

It lna^ be prcsumctl that the carhc'it penmetne pipn in phticoma, or in nnj other 
graduaU} de% eloping ledon of the ^LStnl path, js tho <*1211 which requires the weakest 
stimulux for its detection The '*cotomnta of Seidel were demonstrated witli objects 
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of 2 ^ corresponding to visual angles of 10 3' and 8 6' respectively, which are 

four or five times larger than are necessary to elicit relative defects of slight mtensit} 
Using objects of or I have always found more extensive nerve fibre bundle defects, 
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Spot iv Right Field Absekce op Axcoate Scotoma ik Reioebouebood or Blind Spot 


Objects 

Objects 


tljl 


Jr (blind spot) 
Jj (blind spot) 


V 5 T 47 Disc cuppnj 
1 I T 42 Ihsc deeply cupped 


(11 , ms ) 
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In the left field tbe scotoma does not extend to tbe blmd spot xntb tJie test objects iised and , 


if any This suggests that the Seidd scotoma may represent the more intense part of 
a larger relative defect That the use of a delicate test should shov that the arcuate 
t 3 ^e of scotoma in its mception spring into existence rapidlj , although not with uniform 
intensity, over a large extent of the area of a fibre bundle seems only in accordance 
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with what might be expected ^^c see then that in the imtial fctiges of glaucoma the 
field maj be normal or show slight depression, with or without an earl) nasal step or 
arcuate defect These changes are aanable and inconstant and may not be elicited on 
c^eI}^ occasion 

In the next stage these transitory conditions become permanent While the 
tension and with it the field changes \aij from time to time the recessions, as regards 
tile field do not roach the normal lead The initial depression persists but docs not 
increase much A depression which is more pronounced ponpherall} sets m more 
especially at the periiiher) of the affected quadrants so that while centr il \ jsion remains 
unaltered, the nasal field shows signs of coinmeiicmg rc&triction This process ad%ances 
at first more slowl} than the loss of field due to the growth of the arcuate scotoma 


ca cs 



(t> lo-’i ) 


This scotoma now dc\ clops its characteristic appearance, usually in the upper hair of 
the field arching o\cr the fixation area to the nasal step As it increases it gradually 
widens on both sides more cspccialh on that awaj from the fixation area so that the 
luml step and the restriction of the nasal field in the affected quadrant become more 
pronounced (Pig 70) Soon it becomes doubled foreshadowing the ne^^e fibre bundle 
ring scotoma with isolation of the ccntrocajcal area In the more affected quadrant 
more often the upper, the arcuate scotoma widens into a sector defect and the field is 
rolled or rotated, ns it were, temporalwanls producing i somewhat irreguhr horizontal 
hcmmnopia When the failure is more equal m the upper and lower halves of the field 
the ccntrocfal area, incliulin" the fixation area becomes isolated from the rc>>t of t! c 
field and remains surroundeil b\ a nng scotoma, which usuallj opens out or breaks 
through on the nasal side It is tins bnuikmg through of the nasal side of the arch of the 
nerve fibre bundle nng scotoma together with the loss of the areas of the penphctal 
fibres of the arching bundles in the upper and lower nasal quadrants of the field, which 
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Pro 72— CtACcoa* 

V Show np isolit an of central field and nasal e(ep The arcuate acotoma abore has ita denser part adjoin ng 
theblmdspot the tower one is denser per pheralljr ObjectSsJe v^s ^ /s 1910} 

li Illustrates the retent on o( tho central and tcmporocscal areas The Dual step s present for a large object 

(AaJonIj Objects j,a sjs ^ fl, (OC 19 '») 
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The test object was dimly seen in ll e doited area I«ote cuncalc def -et m the r ght temporal field 

U \ s'*, L.\ si Objects 3^, (II 19 ) 


has given rise to the traditional " failure of the nasal field ” associated with glaucoma 
This nasal contraction ’ is not so much due to a centripetal shrinking of the nasal 
peripheral field as to the continued ccntnfugal etjiansion of the nerve fibre bundle 
defects Ev tins time the peripheral depression is becoming evident in the tempoial 
field bj the contraction of the isopters which begm to shrink, although the more central 
pirt of the temporil field near and especiallw on the temporal side of the bimd spot 
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Km 71 — Tr«c\L OuiioJMA tiEU« 


A It ^ i L.\ Fum)] »ntnl iiamI m It firl] In tlx- Mt Arid i))c> part of tbr srruM«> 

H-< toma ilo-s not extend to the Hind f]>o( (A . ) 

It It N S I..V { IrTFftnUr Iom ot upper immI quadrant in left field pmurration of nasal patch. I.nter 
thi« I ecamc I'K.Utrd Note the ]>atch nf relamni vui mi upiranli anl tempinill; (mm the rpot in 
the iharaclrrwtie piKiltton In the nght field (I .I'till 


roimiinq ^olati^ely undcprossctl. Temporal nene fibre bundle defects are not common, 
and a stmigbt Hjemnu siotoma, in the form of an isolated, narrow, sb.iqily defined, 
cuncate defect e\tondint» from the blind spot horizontally to the temjioml poriplier}', is 
unknown, althougli in tijo'c cases ifi which the fiehl assiuncs the form of a iiorirontal 
hennanopii it is often CMdont that the straight margin of the field corresponds to the 
radial direction of the nasal fibres. The i>eripheral los* now proccetls more rapidly than 
the central, so that wlnle the o\al ccntrociecal area shrinks slowly the remaining parts of 
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Fio 75 — TrncA*. Guiocoua Fistoa 


n;eIit5pIdclioM«prcse’rrationofappcroti(er«iuadfantai«l«2Qiautefiel()(nccRtrocecat8rea V gsloiil/ 
Left field eho'irg auperior and inferior arcuate defecta forming a nng scotoma and breaking through to nnsal 
periphery V J (S , I0-'3 ) 

It Doulilc arcuate defects nith naaat step and loss of nasal field The inferior arcuate defect docs not extend 
to blind spot V ^ (A lOio ) 

C \ S+ Jtightfieid of sameeasessFjg 59A Honzonfalhemianopjo. 


the field gradually disappear, until all that survives is a patch to the temporal side of and 
near the blind spot, wh ilc central vision is still relatively well preserved. The diminished 
centrociecal area now becomes cut off £rom the blind spot, and then the fixation area is 
lost, leavmg a small narrow isolated horizontal strip between the fixation point and the 
blind spot (Figs. 74 B, 75 A). This disappears, and then lastly the area outside the 
blind spot. Central vision persists until a late stage, and it is noteworthy that, although 




GLAUC05IA 


129 



Flo. 76 — AKVAXCro tiUVCOMA noittZOVTAt. lICiIU'«Om. 

It V. 9. h V I In IntU ficIiN tlic d<*a«r rnrt of tho interior •trnate defect iitor<i abort of the blind apot. 
(A.Itil) 



Flo. 77 — AnTA*ft»i> CucroMa TEMii^At Staow. 


Cbarta on Urjrcr wale V. in rarh ciwc 
are*. Sote tmnutc rentraf itep. 
Obleru A ,ge. «*,a. ,a»„ (T . UUI J 
I* iSjsi 3s*se (11.111-4) 


In K tho peripbciy ha* entirely dt^ppeorvd before the central 


tlic centrociPCAl area often persists in an almost stationarj* condition for a considerable 
poriotl while the peripheral loss is increasing, w'licn the end comes it is practically alway.s 
survived by a more periplteral temporal p.atch. 

TIic'm; late changes can only be studied in cyca which arc nearly blind. 

The wvy in winch the fixation area becomes invaded and obhtcrateil is of interest, 
although it has not yet been whlcly studied. Since the fovea lies at the central end of 
the horizontal raphe of the retina, and is mainly supidicd by very slightly cu^^ed fibres 
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arching toi\ ards it from abo\ c and below , central \ ision cannot be obliterated b) damage 
to the fibres at either tlie niijier or the lower side of tlic disc alone, winch would at most 
result in a horizontal div ision of the nasal part of the fiaatioa are i The termination of 
the arcuate scotoma lies lu the first instance nlwaj s on tlie Iionrontal meridian to the nasal 
side of the fixation arc » As the scotoma widens it ad\ anccs extremely slow ly tow ards the 
fixation point and relntivcl) much more rapidly towards the peri])licr} Ihe develop 
ment of this process can often he traccxl in the fonnation of a minute central nasal step 
Ultimatel} the defect lias a straightedge from the nasal pcnplicr} to the fixition area 
corresponding to the retinal raphe, while from the fixation arci to tlie lilmd spot the edge 
has a slight concaa c cur\ c corrosimndiiig to the direction of the fibres The fixation area 
IS spared and onl} exccptionall) docs it become transicrseh dmdcdb) fnrthcrfailnre 


m m 



A Amaie icoloma wi } 1 tii h»n e I g Ol>jr<4« (K ISIS) 

n ctntnl Icm > > ngen ai I m Objrctt (Kr I ill) 


m the same direction Almost alw ijs, owing to a Mimhr process on the opposite side of 
the horizontal meruhan ol the field the ccnlrocTcd area becomes isolated lormmg a 
horizontally oaal island of Msion haimg the fixation irei just witliin its nasal end and 
the blind spot in contact with its tcin(>ord end The nasal end frequenth shows a small 
nasal step Tins island becomes narrower becomes cut off from tlie blind spot and then 
shrinhs away from the fixation area so that central \ision is lost The last remnant of 
the central field then lies betw ecu the blind spot and the fixation point nearer the latter 
(Figs 74]J, 75 A) Occisionally, before the loss of the fixation area, a small isohted 
scotoma appears upon its temporal side linallj, the minute narrow strip remaining 
disappears 

Occasionally the central part of the field fails early, leaxmg the ponpherx intact for 
a considerable time and tines gives nse to an oxal centrocTcal scotoma which surrounds 
the fixation area In such cases the defect has dex eloped from two small sy mmetricaJly 
opposed arcuate scotomata originally meeting on the horizontal meridian to the nasal side 
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of the iKfttion tirea, forming a ring scotoma nTOun<] the centrocjccal area, winch becomes 
isolated in the usual wa> 'ihen, without mtrcasmg imicli on its convex aspect, the 
scotoma enlarges towards the liori/ontal incridmn, and the island of vision is lost as 
nlrcad) described In Bomc of these eases a peculiar cjlindncal, rather than goblet 
slinped, cupping witli relatisol) intact disc pcriphcr) mi) be noted Central vision is 
apparently never lost h) the carl) formation of a iiasota cal scotoma encroaching upon the 
fixation area from tlic temporal side 



I in 10 — Cr’<Tini IlErr.rTH hitixt I cnirnrR^i, Liu's i ii 1 1 ^tiuti'so xiit Iauc or 

*• nrrn iMtynt* 

II n j^rrijl rr»l II 1 Id wifo enlirrl;' r nial anl llr {Hrimrlrr fl 1 njt* ( \) sitp t«t> i nj» rf <1 Inf rmnll n 

M t If <• tr m aUtsM (cr Irnf «n 1 jviriw-rntr’tl vi«l n SmpTr* nlttnnl ll i crnlrseirrAt w ot mi*ofn?lro 
I n>«r I «• ir tU U j t 1 ul iinAlv«i« *1 o»» II *1 » » ion % I* pomjxwr*! « ( opixMP 1 nmistfl slffp l« 

mi T XI l\ A T 47 Dastim* IcMilmllT 

Olif.ui~4A) U ,i, I ,5fl 

(lU.'iln gis'sA fg'is 
l^itulcclo rtitloni rmil (r 11.3) 

All these changes, both iwriplitnl ami central, ilcielop mth a strofig tcndcnc) to 
s)mimlr\ m the two fields, and ofUn also in the iipjier and lower hal\cs of the icimc 
fnld At tiip Mine time no definite or rigid Bcijuencc is followed and the defects are 
tiK\a\s m ihflcrent stages, so that while tlic clcscnption gi\cn corresponds to n common 
and usuil fonn of dtielopinent, numerous xnriations occur, and in a Kcrics of cases 
a great mimhi r of diffircnt appcinuicis ntid phases of tlio ntr\c fibre hvuidlc ilefeot, all 
of the same IjumI t) pc, will he fouml 
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nrcliin;; towartU it fnmi nlio\t nn*! M^um rinnot Ik' rati**! h) ifatin"'.' 

to thp librii at either the upjH r or the iowir Mile «I the clist nlotu , whiih iNoiilil at mo^t 
re‘>iilt it> a lionront »1 iIimmo?) of the ii imI pirt of tin lix ition an a '1 hi t« rimnatjou of 
till flK«'lte^cotorna he* in fh* hr^tmitawenltt i%ion theljori/ont »l in» rnli in to then jk.il 
•aifo of the fixation an i AHtlle^cl»lnm^wl^^^n■«l(n(^^ imi <ex(ri tin h fhniU tow inlstfn 
fixation j'omt ami n lati\tl\ iniuh iinm' ri|iidl\ tow tin* [» n|ihi rx. 'I ho i!« \eioj' 
inont of thi'i prini vi < m ofti ti he tnuxl in the form ilnm of a minute d ntnl n is \1 *,U j* 
lltmiatih till ihfirt h h » ^lrav•hl n!^i from the jumI jx n to the fix iljojwin i. 
lorn.'-ponilni.: to the n tin il mpln , while from tl« fixation an i to tin hlind ^jM^t tin die 
has a •‘lijlil lom i\e inrM mrn '^♦ot»lln^ to ihi ilini turn of tin tiln-* Tin fixitionan* 
H SJ 1 mil ainl « nl\ c xiij'timnlU ihn nt 1 hxoiii « imiiixj p>« l\ iIimiIjhI h\ fnrtln r f iihir* 



Il *f 


\ IrriMlo* ( rfnt * tf> ( llir !«• iKn . X | Oi}~««,> (K I ill 

11 i trir rrntrtl i mt X lin-'OAlln ,J, jKf ( }j j 

in the Mine lUnitjoii Alinmt uhxti\<> owiiu toin'imil ir pnm «-k on tin oj'jweiti ’‘uli of 
thi unTidnn f>^ ihe \ Ihe unUix »•« i\ an i Vnain •« jv)^ itnl, formu).; )' 

horirontallx oxal i«! iinl of x i-ion hixiriK the fix ttn n are i ju»t xvithm it-< ri i-i-i! end and 
the hlintl •'jK)t in lontiU t xxith it-* t«ni|*oril iiu! Tin n ik xl t ni! fn tjin ntlx slioni a Minll 
na'vxt hteji This jsl mil iKeoiin suirrowi r, Ikh. nines rut nfi fnaii tin* hhinl -ixxt, atnl tin a 
hhnnksawax from tin tixalnm an i m tint ci iitrd M'lnn is lost 1 he 1 ikt nmnml of 
the (entnil fiiM tin n In s lx Ixxi'eu ihi hluid ainl the fix ition {M>mt. lie in r tin 1 iiti r 
(1 i^'s 71 11, Tt A) iic< isiojinllx, Ih fon* the loss of (he fixation an i, a ftn til wi! ite<l 
wotonm appe-irs iukui its tim|HtriI Mile rnxallx. the iimiutt uarmw strip nniainin^ 
tliMjipe xrs 

Oic isioiialU tin niitrxl pirt of the InM f ills tnrlx, le ixin^ the jx rtpherx lutnet for 
a eoDviih rnhle time and thus j;jxi s rise to uii oxal n ntror I'm! m otian i xxhn li Mirmunds 
the fix'itinn ana in pm h i iv s therhfn t liasth xelopul fnmi twopniall M iimietnrdlv 
o{ipo««<l arcuate srotoinata orijiin ttix mei tinjtnii (he horirontal nn ri lixn to tlieiius.-il side 
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of the fixation area, forming a ring scotoma around the centroca?cal area, ^^hlch becomes 
isolated in the usual ua} Then, without increasing miicli on its con\ex aspect, the 
scotoma enlarges towards the lion/ontal meridian and the island of Msion is lost as 
already described In some of these ciscs a pccubar c}lindnca1, rather than goblet 
shaped, cupping with rclati\el} intact disc penpherj mav be noted Central vision is 
apparent!} never lost b^ theeirh formation of a nnsoCTCil scotoma encroaching upon the 
fixation area from the temporal side 



lie "S— Ciarro*4 CrsrcAL Urncx^ wmiorr Pctimmai. Ciuvoc, Ju.i*Tnm’<o the Valcf or 

TliP jvT mt frtdit were cntfrol^ nofo al »t>d the j>cniiietfr fndia « (Vl pvt rtr} (mjirrfcct infomSAf on 
%• to thr tnio iiUtc cl central *n<l parsorotral «i. on Some re<embUn« to ll c eentttc»x«l »«itotn» of rttnv- 
I ulbar nr nt * ij ptvwnt t»nt ATMlritU »how» tlwt e<*rh arntOTn* i« e of oppta»4 •retulr fefe U 

It \ I T a. ^ A T 4" t>»ic i' B Wiil tentniHj 
Oljtruv-HA) U 1^,58 

dUs’Fn jAb B(Vr 
trnlr*! tTrfcnir vi on ?k rtn»l (1 1*>J3 ) 


All these changes both penpheril and central develop with a «trong tendenc}* to 
s^nmictrv in the two field« tnd often also m the upj)er and lower halves of the same 
field \t the same time no definite or ngid «cquencc is followed and the defects are 
nlwnvs in difiertrit ‘st igcs, «o tint while the dcscnption given corresponds to a common 
and uMial form of development numerous variations occur, and in a ‘^nes of cases 
a |.n.at number of difTcrent appearances and pha’yjs of the nerve fibre bundle defect all 
of the s.ime basal tvpe, wall l>c found 
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Interprciufion — It must be adnutted that the cause of the general depression of 
the field which is present at an earh stage is obscure It does not increase to the degree 
that might be expected if it n ere a progressive process m itself apart from the develop 
ment of the ner\e fibre bundle defects This is shoivii h\ the fact that in the late stages 
vision for colour as well as for white is usually onlj sbgbth impaired in the better parts 
of the retained areas It would apjiear to be an expression of lowered functional efficient 
depending on the tension and it is unnecessary to discuss here the various theories of 
retinal compression malnutrition etc none of which is completely satisfactory The 
effect of a very small pupil should not be forgotten 

It has been suggested that the contraction of the nasal side of the field might be 
explained by the assumption that the nerve fibres and retinal vessels passing temporal 
wards are on account of their greater length, more liable to damage from increased 
intraocular pressure than those which pass nasalwards Apart from other reasons the 
evidence of penmetry strongly indicates that it is the anatomical conditions of the disc 
and not the length of the fibres between the disc edge and the retuial periphery which 
determine the order in which the fibre groups suffer Perimetric studies show that the 
first fibres affected are nearly always those which enter the disc to the lateral side of its 
upper and lower poles more often the lower, successive fibres to the nasal side of these 
groups ate then involved and the papiUo macular bundle usually v erj late It appears 
to be the fibres in the neighbourhood of the large vascular tmnla which are most 
susceptible The tendency to syunmetiy in the fields is evidently a reflection of anato 
mical syunmetry in the discs Undoubtedly the formation of the glaucoma cup is an 
important factor, but this ls the result of pressure acting in each case upon a certain 
form of disc so that different varieties of cupping depend upon details in the stn’f'tdre 
of the disc present before the pressure began to act, while the degree of pressure and 
the duration of its action probably influence the amount, rather than the land, of 
cupping 

The study of the arcuate scotoma does little to solve the problem of the structure 
of a nerve fibre bundle Assuming that the most peripheral fibres lie most superficially 
we may suppose that where an arching bundle traverses the vertical mendian of the retina 
the crossed fibres apply themselves to the deep surface of the uncrossed and then botli 
pass the margin of the disc together, dive^ing later to their appropriate positions in the 
nerve If we also assume that the fibres next to the edge of the scleral foramen are most 
liable to damage we should expect to find that the arcuate defect begins at the edge of 
the blind spot and gradually extends peripherally The moile of development of the 
field changes affords little support for these assumptions Although the defects begin 
near the blind spot they do not creep out from it but towards it nor is the most intense 
part of an arcuate scotoma always that which is nearest the blind spot (Figs 75 B 76) 
and after successful operation a «cotoma prevuously contmuous with the blind spot, raav 
recede from it showing that the retinal area nearest the blind spot has recovered more 
than that more remote Ii the temporal field the failure is mainly peripheral from the 
first and temporal extensions from the blind spot arc uncommon, w hile the final remnant 
of the field ls often close to the temporal side of the blind spot w ith w hicli it may remain in 
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contact tmttl a verj late stage For these reasons it is clear that the frequently advanced 
ejqilanation of the production of field defects in glaucoma by compression of the nerve 
fibres against the edge of the scleral foramen cannot be regarded as satisfactory 

The evidence of the scotomata suggests that it is not the nerve fibres but their blood 
vessels which are compressed, m the first mstance at any rate, and that m this way the 
precise nature of the defect is determmed The collateral circulation of the circum' 
papillary retina has been referred to on p 298 On this hjqiothesis the appearance of an 
arcuate scotoma at some distance from the bUnd spot may be explained by assuming 
that one of the arterial tings passing to the group of fibres concerned was so related 
to the disc edge as to become stretched or tanked and so more or less occluded 

The absence of disproportion between the defect for colour and that for white 
mdicates that as the nerve fibres become mvolved they are severely affected There 
IS little evidence of the partial impairment of a considerable percentage of the fibres in 
an affected group m the early stages, but rather of the severe impairment of a small 
proportion or of a narrow bundle In the central field the lesion appears to mvolve the 
fibres m small groups, suppressing the function of each before the next is mcluded This 
IS well shown in chrome cases by the steepness of the edge of the arcuate defect in the 
central part of the field There may be quite a narrow hand of absolute blindness only 
2* or 3® m width passmg to the blind spot, bounded on each side by areas having almost 
normal visual acuity Such a band represents a fibre group about twice as wide as a 
retmal vem at the disc, completely blocked, while the fibres immediately adjoinmg axe 
practically unharmed The explanation is probably anatomical and concerned with 
the vascular supply of the nerve fibres 

The correlation of the disc changes with the field defects presents an mterestmg and 
difficult problem Some observers have found that the area of most pronounced field 
change corresponds to the part of the disc where the cupping appears greatest In most 
cases, however, neither the position nor the degree of the field changes can be inferred 
from the cuppmg, though, on the whole, extreme cupping and especially extreme pallor 
are associated with severe field defects 

In eyes which are definitely glaucomatous, that is to say, m ^\hich raised tension 
and other suggestive indications are present, the disc may be apparently normal, or 
may show quite definite early pathological cuppmg without any field change beyond 
baring of the blind spot or shght depression, or sometimes even without any demonstrable 
field change whatever Unless e^austively tested by the quantitative method, these 
shghtlj depressed fields are mdistingmshable from normal fields, and undoubtedly in the 
past they have frequen% been recorded as normal The appearance of any form of 
arcuate defect may be regarded as evidence, possibly the first evidence, of defimte 
localised conduction interference at the disc edge and is, in my experience, nearly always 
associated with pathological cuppmg or pallor If cupping cannot be discerned and an 
arcuate defect is present, other po^ible conditions must be carefully considered, and the 
evidence from other sources must be stimig before the defect can be interpreted as the 
result of glaucoma If the case is really one of glaucoma, the development of visible 
cupping cannot be long delaj ed when once nerve fibre bundle defects have begun to 
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appear. Unfortunately this question is complicated by the personal equation of the 
observer in regard to ophthalmoscopic appearances. 

In the absence of cupping typical, thov^h never well-developed, field changes may be 
present, but only in very rare cases, while pathological cupping is almost always asso- 
ciated with field changes. 

Pallor of the disc is important in regard to the presence of field changes, in the 
lesser degrees perhaps even more important than cupping. The relationship may be 
expressed somewhat as follows : — 

If there is neither cupping nor pallor, field changes are absent or doubtful. 

If there is cupping without pallor, field changes may be absent or very slight. 

If there is pallor without cupping, characteristic field changes are present. 

If there is cupping wth pallor, well-developed field changes will be found. 


E [h] 



rio 83 — GUCCOlU WITHOFT CuffCIQ, 

Both optic discs were slightly pale , the nght showed s nuoiinum degree of cupping, the left none R V alt 
Objects R 5I5. L -jJ],, 35^5. (A . 1926 ) 


The relation of the field defects to the tension would appear to be mamly governed 
by the effect of the intraocular pressure upon the nerve head. Little is Imown noth 
regard to the length of time durmg which increased intraocular pressure must act before 
either cupping or field changes are produced. Probably it extends over a very variable 
period of months or jears according to the degree of pressure and the resistance of the 
disc structure. In one case tension of 70 Schiotz existed for some months producing 
wide cupping but no pallor and only slight central depression of the fields. In another 
case symptoms existed for ten years, causmg cupping but not pallor and only very 
early field changes. On the other hand m glaucoma folloiving mcarceratiou of the 
iris cupping and pallor with severe field changes may develop rapidly. Nor is there 
much evidence as to the precise character of the field changes, if any, produced m 
the initial stages by a rise of tension of short duration. The question is comphcated 
by the presence of comeal cedema when the tension is considerable With a slight rise 
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there may be do field change, or inerdy a low degree of depression which disappears 
when the tension becomes normal again Arcuate defects winch come and go \vith the 
rise and fall of the tension have been reported, but I have not yet been able personal!} 
to confirm this observation It is, howe\er, certam that lowering of the intraocular 
pressure b} meiotics or operation can cause a very considerable recession of the field 
defects, especially in the early stages It is veiy often in connection relatively low 
tension of long duration that the most advanced field changes are found , sjTiiptoms 
other than visual are absent or few, and the patient does not seek advice until a late 
stage 

These and other problems aroused by the penmetnc study of glaucoma present wide 
scope for investigation, and, m the meantime, may be regarded with an open mmd 

Diagnosis — Smce the field changes ate the result of the glaucomatous process, and 
by no means necessarily an early result, it is evident that their detection, even in their 
earliest form, does not mdicate that the disease is commencing, but that it is already 
estabhshed The recognition of glaucoma in what may be called its pre perimetric 
stage is developing, and, as our knowledge and skill in this respect increase, ue maj 
expect to find that the elicitation of the field changes is mamly useful m supporting 
and confirming, rather than in imtiating, the diagnosis Moreover, most cases apply 
for advice when the other signs are so distmct that the question raised is not whether 
glaucoma is present, but how much damage has alread} been done This question 
cannot be adequately answered without the aid of perimetry Apart from confirming 
an opmion already arrived at, perimetry has a definite diagnostic value m certain 
cases m which the other signs are doubtful or insufficient We may want to know 
whether the apparently sound eye, where one is glaucomatous, is affected, or whether a 
suspicious looking disc, not associated with increased tension, is accoznpamed by field 
changes 

The less prominent the other features of the clinical picture the more important is 
perimetry in diagnosis and the greater the necessity for careful perimetric examination , 
nevertheless a positive diagnosis based on field changes alone should be made only 
wuth the greatest caution 

Trom the point of view of perimetry these cases of possible or suspected glaucoma 
may be considered m two chief groups according as gross field changes are present 
or not 

Group I No obvious gross field changes or definite loss of vision are pre'sent 

A Neither 8}*mptoms nor signs ate present The suspected ej e appears in every 
wa} normal and health) , but is suspected because definite glaucoma is 
present in the other eye 

B Symptoms alone are present, e g , periods of ocular discomfort, halos, or other 
suggestiv e indications but both disc and tension appear normal 

C Ophthalmoscopic signs alone are present Either cuppmg or pallor of the disc, 
alone or together, found during routine examination, is the only suspicious 
sign 
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D Increa&ed intraocular pressure alone is present The tension is found to be raised 
but no other symptom or sign is elicited 

Group II Gross and easily detected field changes are present 
Cases in this group all present well developed features especially m the optic disc 
Characteristic changes m the optic disc and raised tension are present in every case and 
the problem is not the detection of early s^s but the proper interpretation of the 
well de\ eloped changes 

In the first group careful search must be made for the very earbest signs such a§ 
depression of the central field or baring of the blind spot These signs may or may not be 
elicited Cases falling under sub group C are the most likely to give positive results 
Only the central part of the field need be examined and the stimulus must be reduced 
as far as possible bj diminishing the size of the object, mcreasmg its distance from the 
ej e, and lowering the illumination by darkening the room All three methods may be 
used together 

The screen at 2 ra is used and the blind spot is first mapped out with ^ The 
isopter for is then examined usmg both circular and radial movements and paving 
special attention to its relation to the blind spot and to the horizontal meridian on the 
nasal side The amblyopic zone of the blind spot should be carefully demarcated The 
isopter for ^ is then marked out to see bou far it shares in any changes found for 
Somewhat larger test objects may be used if necessary but are not often required in cases 
belonging to Group I 

Finally, isolated scotomata are sought /or, more especially about the line of the 15® 
circle between the blind spot and the vertical meridian If no defect is found, tlie 
examiner has been unable to elicit perimetric evidence of glaucoma on that day, and in 
the absence of other signs the eye maj be regarded as normal 

In examining the poles of the bimd spot care should be taken not to be misled by 
the normal defects present here, due to the lai^ vessels These defects are only elicited 
by careful search with small angles such as or they are wider near the blmd spot 
and become narrower as they leave it, their curvature does not correspond to that of the 
nerve fibres, tbsy are present at both poles ot the blind spot and they are somewhat 
indefinite , the test object “ goes in and out,” probably owing to slight unsteadiness of 
fixation Their relation to the vessels may be checked by the ophthalmoscope A short 
distance from the hhnd spot this kind of defect splits up into branches representmg the 
large vascular trunks It does not really simulate a true arcuate scotoma 

Depression of the upper part of the central field with baring of the blind spot and a 
small central nasal step may be regarded as conclusive evidence of glaucoma m Group I 
Baring of the blmd spot alone is very siccative but uot conclusive , depression with a 
nasal step alone is a more definitely positive sign 

The presence of arcuate defects mdicates that the disease has advanced to the stage 
of damage to the fibres , their absence in no way contra mdicates the diagnosis of 
glaucoma 
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It has already been pointed out tint the ^hapc of nerve fibre bundle defects depends 
upon anatomical, and not pathological factors The characters of such defects arc 
nevertheless modified bj the nature of the cause Wide it is true that arcuate defects 
if shape and position only are considered are as vras onginall} pointed out by Bjemim 
in no vv a} peculiar to glaucoma similar field changes occurring m other dtseises do not 
anal^ sc m the same w ay and can hardly be confused with tho'se of glaucoma if observ ation 
IS adequate Some of these defects have alreadj been mentioned and others will he 
referred to later Is or should it be assumed that a scotoma which arches from the 
blind spot IS ncccssaril) a fibre bundle defect or Bjcmira scotoma on this ground alone 

Knapp (221 222) has pointed out that optic atrophv with excavation of the disc 
resembling glaucoma maj bo due to sclerosis of the ccrebnl basal vessels but in these 
cases the field changes arc not of the glaucoma type 

If for auj reason glaucoma is suspected in an eje when it is not present in the 
opposite eye and when the disc is pale but docs not appear to be pathologicallv cupped 
and no increased tension can be detcctctl the presence of field changes of the Bjcmira 
t}'po can bo accepted as evidence of this du>ease onlv after the most careful exclusion of 
other possible causes of nerve fibre bimdle defects and the consideration of the case ns 
a whole 

It m , however be safely smd that an arcuate scotoma, ns described m the prcccd 
ing pages, which confonns m all its characters to the glaucoma type is never produced by 
an) other disease 

The great majont) of cases belong to Group II Here the signs of glaucoma apart 
from field changes, are well developed b) the time timt the patient seeks advice and the 
examination of the field is then directed towards ascertaining the amount of damage 
winch has been done and the outlook for the future In this group the periphery of the 
field should be investigated with objects of 3 ram to 5 mm or more at 330 mm and then 
with ^ The central field is then examineil and a composite chart made up Perimctr) 
IS of assistance in identifying the field changes vnth the glaucoma type m estimating the 
damage already done in suggesting the form of treatment preferable and m prognosis 
rather than m diagnosis 

Prognosis — It is m regard to prognosis that perimetnc studies arc espccmll) 
valuable A\ith few exceptions the worse the field the worse the eje and vice versa 
the results of operation are much less satLsfactory on an average when t!ic field is 
alreadv m a bad state 

The bearing of the condition of the field upon treatment is of interest to the clinician 
Apart from other factors such as the condition of the e)e and the age and health of the 
patient the extent and mtensit) of the field changes and the proximitv of the defect 
to the fixation area arc of great imjiortance Thus a ver) restricted field in an old person 
ma) indicate treatment bv mciotics m preference to operation If the edge of the defect 
is found to be sloping at anv pirt orifareasof doubtful vision are present a progrcasiv e 
comhtion should be susjiectcd as the slopmg edge ma) be found to recede and the weak 
or doubtful area to become definitcl) scotomatous On the other Innd a steep or pre 
eipitous margin indicates that the defect irrelatively stationarv or onlv slowlv progre«Lsing 
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nt tint pirt Tlic behaMOVir of the defect near the fixation area should be carefullv 
watched ns the possibihtj of loss of central Msion is a constant source of anxiet\ to the 
surgeon fiut, as w c iia\ c* seen, in the later stages of sloirjj ad \ ancirig chronic glaucoma 
the peripheral loss progresses more rapid!} than the central, and the centrocrecnl area is 
often surrounded h} a steep edged arcuate or nng scotoma, and usualh remains relatia eh 
well presera eil It is, therefore, in the peripheral field, unless the changes are limited to 
the centr'd area that the progress of the disease is most casil} obsera ed, and it is here that 
i watch should be kept for indications as to procedure For this reason it must l>e 
I inphaM'seil that in the studs of glaucoma, and also in other conditions, the screen is 
compleincntar} to but does not supplant, tbe perimeter and should not be used alone 


E 



Fjc S# — C«'»ct>Tsjff Co’fTs^mo’f Tb-o a‘%p a lUtr 
*rrn» Opejutiox 


‘•mull doncrntnciillf confr»cff<i field dirp-pdsrr 
»itho It (htractomtic featiirpt ol glancoms 
OljrcU ,Va tlSa u\ir ' jl. T 3 Dlw *tropbi, 
lot n l purpctl (1 I J3<1 ) 


S 



Fio 8 — CovTRiiOTOv rotxoHtso OttKAxio^ 
Fi^lil of Jfit eye lor ggRff reduced to IfM th*n 10* Xo 
latter field obumed « th Inr;:er < I jecta 
\ T 11 (B 10 ') 


It IS sometimes maintained that if the teitsion be watched the progress of the case 
and the need for surgical intora cation ma\ be correctl} estimated without recour'^e to 
porinietr} or at least to detailed iniestigation of the field , in other words, that, tf th'* 
tension is kept ilowai the field will look after itself This attitude should not be ailojiteil 
without rc'^?r\ e It is prcci«ch in those cases in winch the tension is relati\ el} low that 
pcriinctr\ is of tlic greatest a alue and it is impossible w ithout its aid to be sure that the 
ilcfccts are not increasing 

IMicn the scotoma i** beginning to inaadc the fixation area operation, espccialh 
if it includes iridcctom\ , has b^cn regarded as dangerous b\ some surgeons There is no 
Cl idcnte that it is the provimits of the defect to the fixation area w Inch constitutes the 
danger On the other hand as Rrandt has shown, the cases wntli most advanced field 
defects are less hkeU to do w ell after oi>eratjon, and it is m such cases, as a rule, that the 
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fixation area is most closely tlireatencd. Other surgeons believe that the more closelv 
the fixation area is approached the greater the need for imme<liate operation. Van deV 
Hoeve's reported cases show that, whether the peripheral field be good or bad, a scotouia 
closely approaching the fixation point does not contra-indicate trephining, wliicli he 
believes to be preferable to iridectomy or operations mvoh*ing iridectoniv, hen central 
vision IS threatened. It seems reasonable to suppose that when the fixation area is 
attaclced from one side only, it is less endangered than when menaced from several direc- 
tions, as horizontal bisection of the fixation area is a rare event. It is well to remember 
in this connection that a threatened central area may Hve long, it may be for years, and 
m any case the course adopted will depend not only on the state of the field, but uj>on 
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IntlietigUt ejetbegUacoma^r&sttdyancol sudlhe retinal Wion slight, causing loss of the lower part of the central 
field In the left ejo the glaucomA was la a rdaticeljr carljr stage, but the retinal Iceion sorcro enough to causo 
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the whole chmeaf picture and the discretiou of the surgeon, jify personal expcricntiQ 
is entirely in favour of operation when the fixation area is threatened unless, in addition, 
the field as a whole is extremely contracted. 

Undoubtedly, however, in certain cases of this type the field shrinlcs after satisfactory 
reduction of pressure by an operation. Thus a field extending to 30® on the temporal 
side but only to less than a degree from the fixation area on tlie nasal side may becoiiie 
reduced to 10° to 13° or less. These fields tend to be horizontally oval and very steep- 
edged with fairly ivell preserved central vision, at least, at first. The usual form of 
contraction characteristic of glaucoma is replaced by a concentric restriction. It would 
appear tliafc something of the nature of a progressive glial cicatricial process occurs in 
the nerve. 

"When central vision is foimd to be defiiutely depressed at an early stage, a coui- 
paratively rare occurrence, it is well to consider carefully the possibility of a comphcntioij, 
especially central choroido-retimtis. 
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In secondary gluicoina the field dianges arc of the same type as in the priinar} 
form, hut ma\ be comphented by the existence of choroidal or other changes. Tlie peri- 
metric e^ idence shows that the field changes of glaucoma arc due to the pressure, and if, 
therefore, against the view that a ca\cmous atrophy of the ner\c head occurs as a 
primary factor m glauconn. 
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Tin. OPTIC i.LR\E 

iol our present purposes the following grouping may bt 'icloptcd — 

I IntoMcation and inflammatjon 
A The to^c ambljopias 

B The various forms of retrobulbar neuritis, descending neuritis and 
some atrophies without obvious preceding swelling of the optic disc 

II Pressure 

III rierocepliabc * oeflema (cedenia due to increased mtncnniil pressure) 

IV Vascular disease 

V Traumatism 

I 

A TOXIC AMBLYOPIA 

fliG majorit) of optic nerie affections fall into the first group file term toxic 
amblyopia is usually rcg.arded as referring to conditions duo to the action of exogenic 
poisons such as tobacco although toviiis produced within the bod) as in diabetes 
produce somewhat simiUr effects 

Acute and chrome forms maj be distinguished depending on the action of the 
poison the dose and the duntiou of idmmistration it is evident that clinicall) certain 
poisons will be foimd associated with tbc former and others with the latter \nrjDt} 
The field chaiijjCS consist of centr'd defects peripheral depression or a combination 
of both and to a certam extent the kind of defect produced is specificall) related to 
the causal agent Thus while the majorit) of toxic substances whicli affect tbe field 
of Msion produce central defects watii little or no peripheral in\obcment quunne 
ind some others always cause peripheral loss if sometimes central in addition In 
this connection Uhthoff has pointed out that two groups of poisons maj be recognised 
The first group coiitams poisons which also tend to produce peripheral neuritis and 
includes sucli substances as lead carbon bisulphide, arsenic and others Among 
cndOj^enic poisons in the same group ma> be quoted us examples those which produce 
tcntral scotoma in diabetes and m that interesting condition neuritis penphcrica 
graaidarum This group is chanctcn^cil bv the production of central scotoma without 
or with \er) little iu\ol\ement of the peripheral fields In the second group the field 
changes take tlio form of peripheral and general depression, while peripheral neuritis is 
rare Tiic most important substance in this group is quimnc others such as salicylic 
acid and I'thx mas ma\ be includetl Uhthoff (418) obseiacs that tobicco appears 
to be an exception as no association with jcnplieni neuritis liad been cst ibli«hc I 
altlioUph the field defect i*. central 

* Irom full to overflow tig Aa laplkcdem* «nl choXrd dt«c rrfrr to orhtbttlmoKop r wpprar 

uicw which cosy occur n local op c oerve (ll*<>a«etU«tenaliav btrachown to Snd cate (r<(«ma of the tl le due to tncrvMol 
fnlrkcnn at prcsvtiie Coispafo Ion 11 ppcla {riij u»eof tlw tenn SUuunespap lie 
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It IS also of interest to note tliat differences in the chemical constitution of toxic 
substances can modifj their action as regards the visual field in important ways For 
example, central scotoma is rare m poisonmg by quinine, but occurs in connection 
\\ith Its close relative ethyl hydro cuprein, which is much more toxic to the visual 
neurones Again, as has been pointed out by Schinner, inorganic arsenic corapoimds 
produce central scotomata nhich tend to recover, while toxic organic arsenical 
preparations such as atoxyl produce peripheral depression advancmg to complete 
blindness 

Such examples suggest the possibility of establishing some degree of correlation 
between the toxins and the field changes they produce, by the recognition of the 
cliaractcrs of the defects and show that perimetry has, m this respect, a definite role 
to play , although its value cannot yet be correctly estimated The whole subject of the 
relationship between difierent toxic substances and their specific effects upon the visual 
functions forms a field fuU of interest and as y et but little explored 

The lesion produced by the toxm is probably m many instances, e g quinine, m 
the retmal ganglion cells, m others possibly in the nerve fibres There is no perimetric 
cMdencc of any primary incidence of the lesion at a higher level than the optic nerve, 
so that the supiachiasmal part of the visual pathway would appear to be almost 
immune to the initial manifestations of toxic and inflammatory disorders of the type 
which affect the sub chiasmal part 

Nerve fibre bundle defects have never been found in toxic amblyopia, although 
they occur in retrobulbar neuritis Although this may be regarded as negative 
evidence in favour of the site of interference being in the ganglion cells much weight 
cannot be attached to it, as there is no doubt that toxins con affect the fibres in the 
nerve It rather si^geats that nerve fibre bundle defects arising in rctrobolbar neuritis 
are due to causes not primarily toxic, but probably vascular 

Croup I Bilateral Centroexcal or Central Scotomata with httle or no Involvement 
ol tbe Fenpberal Field 
Tobacco Amblyopia 

As an example of the scotomatous group, we may examine the amblyopia pro 
duced by tobacco as, owing to its frequency and gradual development this is the most 
important and most easily studied form Although often spoken of as central, the 
scotoma is typically centroc^cal m position, and is never central in the true sense, 
that IS to say, pericentral In shape it is horizontally oval though somewhat irregular 
in aggravated cases Its characters are those of a conduction defect of moderate 
intensity wnth very gradually sloping edges, and it is thus most easily detected by a 
reduced stimulus such as a red or a small white test object At the time when the 
patient seeks ad\uce the defect is always bilateral, and usually more developed in one 
field than in the other The edge which overlaps the fixation point is always curved 
and never lies exactly along the vertical meridian, while its upper and lower boundaries 
curve temporally to the blmd spot somewhat irregularly and usually asymmetrically 
They do not follow the Imes of the nerve fibres nor is a nasal step ever present The 
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argins are very sloping and dilHtult to define exactly, and the defect for colour greatly 
ccecth that for white. A characteristic feature is the presence of one or two areas of 
•eater intensity, or nuclei, wthin the scotoma. Wlicn single, the nucleus lies between 
le fixation j>oint atid tlic blind s])ot ; when double, one nucleus is usually present just 
1 the temporal side of the fi.xntion point, and another near or at the nn«5al side of the blind 
»ot. These areas lie on, or clo^e to, the horirontal incridi.rn and become connected 
{ the defect increases, forming a hori/ontal core of the seotonm extending from the 
lind spot to tlic temporal edge of the fixation area. 

If we tmee theilcvolopniont of tliis .«cotoma \\efind that it begins by the appearance 
[ a defect between tlic upper j»art of the blind sjiot and the fixation area on or near tlie 
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orizontal meridian, that is to My, the part which is found later ns the nucleiLS is the 
rst to upjMMir. The defect may consist of a minute saitoma situated close to the nasal 
do of the blind spot or to the tomiioral side of the fixation area. Tliere may ho only 
ne small scotoma liotwecn tlie*c two jxnnts. It is characteristic that thc<^e scotomata 
e on tlie horirontal merulian and, tiuLs, when they later become mergctl into a larger 
efect this miy assume the form of a iwmting index finger (F’lg. O.’t A). Tlic scotoma 
oes not develop ns nn outgrowth from the blind spot but ns a pamco'cal ilefect which 
t a later stage merges with the blind sj>ot. .\t this stage ■vision is | or thereabouts by 
nellcn's t<'st, and the jutient notices no defect or only n slight ini'-tiness. In ccrtiin 
niknts it may l»e extremely difficult or impossible to demonstrate tlie scotoma in its 
iitinl stage, although from the sniiptoms ami histoiy its existence is pnicticnlly certain, 
his i«;, however, a verv* uncommon occurrence, and tlcjiemU more on the patient’s 
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anxiety to give positive responses tlian on the faintness of the defect for, almost ivitbout 
exception, when symptoms occur, the scotoma is demonstrable The earl} stsge before 
the fixation area is invoI\ ed can only be investigated in cases in which one ev e is affected 
far in advance of the other, and it is not often that an opportunit} of examining this 
stage occurs This disparity in the development of the defect in the t\\ o fields indicates 
that tobacco amblyopia may begin unilaterally, although patients never present them 
selves until both fields are affected 

The scotoma now merges into the pencaical amblyopic zone and extends towards 
the fixation point as a tongue shaped projection from the blind spot The defect is 
larger for colour than for white, and the patient begins to notice his sight fading when 
the edge of the colour defect be^ns to invade the fixation area A second nucleus near 
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tilt* fixation point ni.w now bcajmetlmonttniWc if it lias not already ajij>cared. Altliougb 
till' fui«et i** in roAlitv prjidiia], the patient fsoinetime^ states that his vision faileil or 
Iteeanie mneh uorv? isnddrfjly. Thi< ‘ftatement i** uttwlly niade in relation to rpading 
and indirates the nipid Fevere unpitmient of a «nall nttmhor of macular nerve element* 
\\hen the teju|KKoc<*ntral nucleus develops. The ccntrocu'cal K“otoma is now definite 
for colour but may require nn angle as amall as for tlemonslnition witli %\hite, while 
the nmlei may l*o \et>* much more inton«c. At this Mage the j>eripheral field for white 
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and colour will be found intact for large \isual angles but if examined on the screen 
the colour field mthin the 30° circle \\ ill often be found impaired m the upper temporal 
or m both temporal quadrants in addition to the oval area of the scotoma showing that 
the wvvolxcment of the retina is bj no means confined to the papvllo macular area 
Central vision varies from ® or even J to about ^ accoidmg to the relation of the scotoma 
to the fixation area 

As development proceeds the scotoma enlarges its central core increases and 
becomes apparently absolute in parts and the fixation area is well overlapped so 
that central vision falls to or less although the edge of the scotoma rarelj extends 
to more than 5° or 6° to the nasal side of the vertical meridian A common feature is a 
vertical constriction of the outline of the scotoma near the blind spot so that it appears 
to be ]oined to the blind spot by a col or neck The colour field becomes severely 
afiected the scotoma breaks through above usually m the upper temporal quadrant and 
then the lower quadrant fails so that the field for red is reduced to a crescentic area on 
the nasal side In severe cases aU perception of red may be lost according to Greenouw, 
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but I }iave not found this if hrge enough objects are used Similarly the teraporaJ 
field for a small visual angle for Tvhite for example may be lost Harmau found 
slight peripheral contraction for small test objects indicating some general depression 
of the Avhole field Complete blindness appears never to ensue even in very aggravated 
cases although the u«c of tobacco is continued 

During recov erv the defect retraces its steps and m a general wav those features 
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la A and B central field lor rcdoced sopter lor tn pos t on of that for 5,^55 Scotoma more intense 
In C note reij intense scotoma aith field for jJ$* red tMuced to a nasal patch Central vis on poor 


whicli appear last disappear first In cases ithich are obscure or doubtful at first 
owing to the seventy of the visual depression characteristic features emerge as 
recovery proceeds The colour field creeps round into the temporal field the scotoma 
becomes smaller, more defined and more steep edged the core or nuclei remaining 
longest In verj severe cases quite good central vision ma^ be restored vath large 
absolute scotomata projecting nasally from each blind spot but not reaching the fixation 
area Central vision may return very rapidly or e\en almost suddenl} after a period 
of slow and disappointing progress a feature which maj be explained by the rapid 
recover) of some foveal elements Eecoveiy does not always close!) follow abstention 
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TOBiOCO AMBLTOm 
FlO 9o — llECOTEEY 

I Central field of the right ej*c in a case of tobacco amblyona V The field for red sbowt a Urge 
opper tnaporsl effect Note the nuoteos eod Docleoh at the ecotoms 
S The same after absiibence from tobacco for a fortnight \ ^ The field for red is extending upwards into 
the upper temporal qaadrant The ecotoma and ita nucleus are retreating toward# the bl nd spot, field 
for uhite which previoiulf re<iaire<l a 2 mm object (conUnnons line) can now be delimited b; a 1 mm object 
(brohen lute ) (D Ifl ’3 ] 
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FlO 9 5 — ^P^BaCENTRJL DEriCIS -ATTEB ««MI EEAEtE RECOVERY OF CeSTIUE ^ 1310^ lY A SEVERE CaSE CoY 
nrnoY three ayd a jult Tears aeter Onset 

Dense practically absolute scotomata steep-edged and not encroaching on fixation area though relatjvo defect 
for red extends to fixation area I \ A+ ^ Tx pert laatageof advance visionvith sucha dense scotoma 
is much noTse as the scotoma is sonounded by an ambfyopic son© and is not so steep-edged Objects R sifSu, 

L ,JSs (>1- 1W3 ) 

from totfveco , tlie vision raiv remain stationary or maj decline during the first four 
or sL\ weeks owing to a more extensii e invasion of the fixation area This corresponds 
to the history so often obtained, that tobacco had been stopped or cut down for some 
time before advice was sought Snellen’s test is inadequate in these case& for, although 
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central \ision maj appear stationary nhen c^mined in tins W'xv, tlie patient often sa}S 
that he sees better and the campimeter shows a recession of the defect 

InlerpTdntion — It is evident that the stud> of the characters of the field defects 
gives no positue indication as to the site of interference, which might be either retinal 
or neural The absence of nerve fibre bundle or zonular defects ma) be regarded as 
negati\e eaidencc in fa\oiir of the site being m the retinal ganglion cells The peculiar 
distribution of the scotoma almost entirelj in the area of tlie crossed fibres is common in 
retrobulbar neuritis and corresponds to no qiecial stnictiiral or vascular arrangement in 
either retina or nerve as far as is knowoi, nor to anj functional quality, the macular 
elements being involved ver^ unequally and severely only in aggravated cases The 
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evidence is strongh against the view that those elements whose function is most hrgbh 
developed are more easil) affected We must remam contented with the assumption 
that certain nerve elements have a special alfinitj for the poison of tobacco and that 
the} are affected in the order of their susccptibilitj The pronounced tendenc} of the 
nuclei and of the scotoma itself to he along the horizontal meridian suggests that the 
susceptibiht} ma} be based on nutritional and ultimately on anatomical factors {see Bebr 
28) This view is supported by the fact that in tobacco poisoning no other tjpc of field 
change is produced Increase of the field defects after the disuse of tobacco indicates that 
the poison is to a certain extent cumulative in its action, while the failure to culminate 
in complete blindness although tobacco is continued suggests the attainment of a 
certain degree of tolerance Although the worst cases are usuall} related to the most 
excessive u'^e of strong tobacco, the great variation of consumption m relation to the 
field changes in different cases shows that idiosjncnsj and resistance are important 
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factors The presence of disproportion, shown b 3 the excess of the defect for red over 
that for \\hite indicates a diSuse lesion m which the conductivity of man} ner\e elements 
IS partially unpaired, but of onl} few scaerel} L^tiy, the evolution during recoaer} in 
severe cases of a smaller steep edged dense scotoma shows that the less affected elements 
are recoaenng, while those which were had!} damaged or Wiled remain fuuctiouless 
Diagnosis — The perimetric diagnosis of tobacco amblyopia depends upon the 
recognition of the special characters of the defects The diffuse nature of tlie scotoma 
and its sloping ill defined margins arc valuable signs Errors may be made when the 
mere presence of the scotoma and perhaps its size, shape, and position alone are taken into 
consideration One source of difficulty is the detection of the nuclei onl} owing to 
omission to use an adequate range of visual angles wlien testing on the screen The 
characters de«!cnbed, regarded collectively, do not appear to occur in an} other form of 
ambl}Opia They are aer} constant, so much so that atypical defects may justifiabl} 
be regarded avitb extreme suspicion, almost amounting to certamt}, that the} are not 
due to tobacco, while if not only the field defects but the whole clinical picture and 
particular!} the history, be considered, misdiagnosis should be easil} avoidable especially 
in ordinary cases of moderate seventy Even in females who mav hesitate to admit the 
use of tobacco, the demonstration of typical defects enables a diagnosis to be made wnth 
confidence Very severe cases with extreme reduebon of vision and bad fixabon may 
offer difficult} , especially if anomalies arc present in otlier parts of tlie clinical picture 
According to Lillie ^c size and shape of scotomata due to tobacco and to other causes 
depend upon the stage the condition Los reached and no special form associated with 
tobacco This may be true as far as these two characters alone are concerned but does 
not affect the diagnosis when all the characters are taken into consideration 

In some severe crises eccentric fixation is present, which gives ri^e to findings 
which may prove misleading if their nature is not appreciated The patient looks 
wth one c) e to the nasal side of the fixation point, so that the scotoma is moved into 
the nasal field and the defects appear homonymous instead of bitemporal As the 
whole field is moved laterall} , the defect for red in the upper temporal or upper part of 
the field comes to lie upw ards or upwards and nasally 1 ha\ e never found this condition 
in connection with both eyes and m the three or four cases I ha^e ob';er%ed the false 
fixation has alwa}8 been in the left e}e It is easil} detected because upon the screen 
the blind spot is found much too near the fixation point, and the defect m the binocular 
field does not correspond to those found imiocularl} , as it would w ere it reall} of liomony 
mous bemianopic t}’pe Occasionally the displacement is upwards or downwards It 
ma} be that the dim appearance of the fixation object induces a state of groping and 
a tendeno} to extrafoveal fixation A possible cxplanabon is that the displacement of 
fixation ma} be due to the presence of a specially den'^e nucleus towards the central end 
of the scotoma overlappmg the fixation area The patient, doing lus best to keep the 
fixation object in sight, apparent!} fixes with a part of the retina between the optic 
disc and the fo\ea winch corresjionds to the temporal border of the nucleus instead 
of, as IS usual, fixing with the fovea or with a retinal area slightl} to the lateril side 
of the fovea, corresponding m the field to the nasal border of the nucleus That this 
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IS tlie case is iiidicitccl b} the fact that a similar displacement, though onlj a couple of 
degrees in extent, sometimes occurs \then quite a small but very dense nucleus lies 
immediatel} on the temporal side of the fixation area During the screen examination 
the nucleus mo\ es to the nasal side of the fixation point, and then the blind spot will be 
found to hue moied also, while the patient explains tint he has difficult} in keeping 
the fixation object m sight 

A rough test maj be made by companng the Msion for red a few degrees to the 
nasal and temporal sides of the fixation area, selecting both object and distance in accord- 
ance uith the requirements of the individual case Should there be doubt, the scotoma 
must be carefully anal} sed and the whole field examined Occasionally the defect is 
much more advanced m one field than m the other, and a careful screen test of the 
ajiparent!} normal field is necessary to demonstrate the defect, which may consist merelj 
of a tongue projecting innards from the blind spot Although, theoretically, the onset 
13 not hkelv to be simultaneous in the two fields, no exhaustively examined unilateral 
case liaa been recorded, and both fields appear alwajs to be afiected by the time any 
visual change is noted by the patient, that is to say, by the time that invasion of the 
fixation area of one side has commenced 

If the intense part of the defect extends considerably to the nasal side of the fixation 
point or IS localised above or below it, or if the scotoma is truly pericentral in either field, 
or if the defects are of different types in the two fields, or sharply defined with steep 
edges and high and relatively uniform mtensity, other forms of disease must be carefully 
excluded, and it is well to remember that excessive use of tobacco may exist along with 
some other condition to which the visual symptoms may really be due Progressive 
increase m the defects, not mere failure of central visual acuity to improve, continuing 
for some weeks after cessation of tobacco, suggests a complication which is certainly 
present if peripheral contraction for an angle as large as ^ occurs 

Alternative diagnoses are therefore, confined to other forms of bilateral scotomatous 
ambl} opia, in whicli the scotomata are centroc'ccal and symmetrical The defects of 
retrobulbar neuritis are denser, more polymorphic and less regular A useful differen- 
tiating feature is the more definite limitation of the edge of the defect and its greater 
intensit} in the earlj stages in such cases Uhthoff has pointed out that the defect for 
blue IS practical!} co extensive witJi that for red in retrobulbar neuritis, but much 
smaller and confined to the middle of the scotoma in tobacco poisoning, an obsorv atioii 
winch indicates the sloping margms and the diffuse relative nature of the tobacco 
scotoma as against the denser and more steep edged defect of retrobulbar neuritis 

The fact that the scotoma is easily elicited by a colour test such as red or green does 
not mean that red and green are specnll} affected by tobacco, or, for that matter, b} an} 
other toxic agent, tint is to sa} , that depression of perception of red and green is specially 
diagnostic of a toxic cause Prominence of the colour defect merely indicates the relative 
nature of the field change The colour test is convenient, since it enables a larger object, 
co\ enng a larger retinal area, to be used and other methods of attaining the same object, 
such as reducing the illumination, give sunihr results 

In cases of general disease, such as diabetes, m smokers we shall be correct as a 
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rule m attributing the ambl}opn to the tobacco if tlie scotoma is t}’pica), and, in an} 
case, the causation of scotomata by endogenic toxins in diabetes and other diseases, 
althougli c\tremel\ rare, must be borne in mind Depression of health clue to disease 
espccnll} liigh blood presauro, injnr) or men mental shock is often responsible for 
tht onset of tobacco ambljopia m smokers, and on this basis it sometimes follows 
operation for cataract In disseminated sclerosis Inl itcral relative scotomata bave been 
rc{)ortod but the characters especially the bebavaour, of such defects are alua} s different 
from tliO‘5G of tobacco ambU opia Similarly Leber’s dise ise, saturnism and retrobulbar 
neuritis due to nasal sinus inflammation wall not be mistaken for tobacco poisoning if all 
the characters are taken into consideration to saj nothing of the history, the ophthalmo 
8co])ic signs and other clinical features The centrociccal scotoma of hypophysial tumour 
has been frequently mistaken for tobacco amblyopia, and the resemblance is grcUest 
in aggr uated cases m u Inch the loss of one or both upper temporal quadrants of the fields 
for red produces an appearance resembling a bitemporal hemmnopia {Figs 91, 97) 
In cases of chiasmal interference from a slowly acting cause, such as tumour, the defects 
are more sharply demarcated and commencing temporal hemmnopia for nliitc is usually 
present, u lulc central vision is not so much depr^sed ns in sev ere tobacco poisoning 
unless a definite dense defect involving the fixation area is present The defects are more 
easily analysed mth white test objects, the disproportionate loss of colour vision is not 
so pronounced, tlic characteristic core is not present, and the special quadnutic features 
of the chiasmal scotoma arc usually easily demonstrable 

AMion tobacco amblyopia occurs as a complication of nervous disease such as 
licmmnopia or tabetic atrophy , the diagnosis may be difficult, but can usually be cleared 
up by careful examination The depression of health associated with tliese conditions 
may bnng on the amblyopia, and caution should be exercised before attributing the bad 
central vision to the hcmianopn or the tabes 

Prog)]osiS — ^In moderately severe cases m which the scotoma exhibits sloping edges 
and sep intc nuclei or a narrow central core with little impairment of the temporal field 
for red, good vision is usuallv restored m a few months if tobacco is stojiped Improve 
nient of vision mav be due to improvement in the patients general health even if the 
tob icco is not stopped W hen there is an extensive dense steep edged scotoma for 
white with severe mipainnent of colour vision in the central field, great depression of 
central v ision and some pallor of the o])tic discs, recov eiy is alw ay s prolonged and usually 
imperfect Complete blindness however, does not occur Failure of central vision to 
improve, or cv cn a declmc of central vasion during the first four or six weeks after tobacco 
IS stopped docs not indicate a modification either of prognosis or diagnosis Should slow 
progress cause disappointment and anxiety the sercen test is valuable as indications of 
improvement not noticeable by the patient, mav be discovered and if such are found ho 
mav be encouraged to hope for the ultimate recovery of u.selul vision 

AZoibol Amblropia 

Neither cthvl alcohol nor inethvl alcohol can be creilited watli special toxic effects 
upon the visual nerve path The field ebanges destribeil above under tobacco amblvopn 
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are common!} referred to in the literature as due to tobacco plus alcohol, or even to 
alcohol cliiefl} or alone "While it ^vould be out of place to discuss tins question here, it 
maj be remarked that, although spmt dnukmg is no less prevalent than in otlier 
countries, ambl}opia traceable to alcohol, apart from tobacco, is almost unknown m 
British liosjiital clinics,* and the experience of British ophthalmologists does not support 
the \nen that alcohol is a potent factor Convincing evidence is accumulating that 
impurities, such as wood spirit or fusel oil, which are violently toxic, are the real cause of 
the visual disturbances and that the prevalence of so called alcohol amblyopia in any 
country (on which differences of opinion are based) is an mdication not of the amount of 
alcohol consumed , but of its purity t Under the heading of alcoholic amblyopia, reference 
wall therefore be made to the field changes produced by these toxic substances which mav 
be consumed or inhaled in the form of commercial wood spirit or alcoholic drinks 
adulterated with unpunfied spirits 

The clinical picture as described by Uhthoff, Goldflam and others, is that of an 
acute intoxication Usually two or three days after ingestion, or earlier in severe cases, 
the \isual loss commences, and complete or nearly complete blindness rapidly ensues 
Both 6} es are alwa}-s affected though often unequally After several days or even weelvs, 
according to the severity of the case, vision begins to return at the field periphery, and a 
large absolute defect, broken through at one side or the othei, becomes demonstrable 
This breaking through may give the field an irregular crescentic or sometimes pseudo 
hemianopic appearance Later the periphery may recover more or less all round, 
leaving a central scotoma 

The defect is pericentral rather than paracentral or centroccecal, tliough it often 
includes the blind spot and the intensity is usually high According to the sevent} of 
the case, all degrees of s'ze, intensity, and permanence may result In the worse cases 
little or no recoiery may take place, in the milder ones norma} vision may he restored 
This stage is unfortunately frequentl} succeeded by a second and permanent loss of 
vision associated inth pallor of the optic disc The field becomes depressed and con 
tracted Goldflam noted a return to blindness m a case ivhich had reached normal 
Msion Only exceptionally does goo<l vision return and remain when the field clianges 
have been severe to begin ivith 

The field changes indicate the action of a violent poison on the retinal cells and optic 
nerve with special selectivity for the central elements The ultimate deterioration of 
vision following primary recover} is probably due to a cicatncial process in the nerve, 
depending on the violence of the reaction, leading to secondary atroph} 

The diagnosis depends upon the clinical picture as a whole, winch always suggests 
this form of poisoning the prognosis should be guarded at first, even although the 
field defects haie greatly improved, as secondary atrophy ma} supervene The fields 
should, therefore, be watched for some time after apparent recovery 

'\^ lien the poison is ingested m smaller doses over a longer period a chronic form 

* no au(beDtic«t«d instance ” Ben Comnuttee on the Cauaes and PreTcntion of Blindoeas Wmistry 

of IWIth, 1922 

t HamiUinen and TcriUleh trfa Oj)illurf M,SC0.I92S 
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of this intoxication occurs IJicgMul and Roeimc found that during the I9U Ib war 
owing to tlie dearness of the usuil form of poUbIc spirit in Denmark substitutCT were 
consumed uid a severe form of to\rc nmbl^opi'i aro«e prenousl} pricticall} unknow-n 
in that C'ountr} Ccntnl vision was reduced to countmg fingers in 80 per cent and 
the optic disc was pale m SOjier cent of the c}cs exammed The field periphery was 
ahrajs normal {with ~) while red and green vicrein man} o}es not recognised anywhere 
Kverv case showed a central scotoma for red and green, and m 50 per cent for blue also 
A third of the fields show ed central or paracentral scotomata al^o for white and breaking 
tlirough of tlic defect above was also noted The prognosis is worse than in the orduiar} 
form of toxic ambl} opia The description given is not sufticientl} detailed to enable all 
the characters of the defect to be assessed but the field changes appear to differ from those 
of tobacco ambl}opn m their course — the} appear i few months or less after the 
drinking begins — and sevcritj The scotoma is described as central and appears to be 
miicli denser white not seen in the scotoma ji half the rises) than even in the severe 
tohicco cases and is therefore unlike the scotoma of tobacco ambl} opia m this couiitr} 

^^bcthc^ these patients were also smokers is not stated but it is possible that m 
countries in which impure alcohol is common!} consumed a chronic form of alcohol or 
tobacco alcohol arablvopia ma} be produced 

Other fonus of scotomatous toxic ambI}opia are uncommon Their rant} and 
their usual acute development and course have prevented the elicitation and studv 
of the characters of the scotomata to the extent which has been possible in the case 
of tobacco The following notes arc based on thcpublicaiionsof bbthof! deSchweinitz 
and Alilbrand and Saenger 

bead 

The scotoma IS hdatenl pericentral roughi} circular and often absolute though tt 
ma} be relative The field periphery is unaffected but the colour fields ma} show 
breal uig through The onset is usuaU} gradual sometimes relatively rapid and the field 
changes resemble tLo'»e due to the common t}pe of retrobulbar neuritis or to an active 
poison such as bisulphide of carbon rather than those of the tobacco nmbl}op]a typo 
Comjilete blindness is an uncommon result (10 pet cent Ubthofl) This is the true toxic 
ambl}opm of lead due to a lesioiun the optic nerve other field change's also occur which 
depend upon the action of lead upon the blooil vessels or kulne}s The progressive 
depression and contraction of the field following p vpilloedema and often leading to 
total blindness mav thus be explamwl as a sccondarj effect due to increased intracranial 
pro‘isure caiisetl b} leid similarlv the hemianopias and sudden bilateral amaurosis 
an. indirect rather than direct results 

Catbon Bisulphide 

Bilateral central scotomata are jiroduced which var} in size and intcnsit} according 
to the 'severit) of the intoxication In position the defect is usuallv more or less pen 
central though it often extends more to the temporal than to the nasal side of the fixation 
point and m sire, it mav var} from a minute area to an extensive scotoma of some 40* 
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in dnmeter The intensit} inij be \erj slight so that small test-objects are required 
or the defect nnj be absolute in its ccntnl part with a surrounding ambljopic zone 
«ljjch ma} break through to the jienpheij As m other conduction defects, red green 
blindness is a prominent feature The field as a whole maj be depressed and contneted 
The onset is usuallj ^radual but occasionallj acute 

Tiie scotoma differs in shape and intensity from that of tobacco with which it 
is most likel> to be confused and the presence of more pronounced peiiphen! field 
changes aids the diagnosLs If the patient can be remo\ cd from exposure to the poison 
the prognosis is good in the milder cases and in the more severe some improvement 
usual!) follows 


Similar scotomata occur in connection with iodoform poisoning and rarel) from 
arsenic and some other substances also in beriberi and other forms of avitaminosis 
and nutritional deficiency Vs regards these distinctive individual perimetric pictures 
liave not jet been established 

V special fonn of nutritional neuropath) has become prominent in connection with 
florid ^lar If and more especial!) in connection with prisoners of war It is charac 
tense I b) smdl central sometimes centrocaical scotomata with occasional peripheral 
field defects and is associated with other nervous symptoms There is no specific 
perunotric feature characteristic of this disease which is not well understood * 

Gioop II Bilateral Depression o! the Fields Without or With InTOlvement ol the Central Area 

Q mnin p 

In the second group of toxic amblyopias poisoning occupies the most 

important position In mild cases a temporary dimness of vision may occur when 
the poisoning is more severe rapid and complete blindness results Peripheral vision is 
lost first and central vision finally Vlinute central steep edged fields with orientation 
difijcult) may be present at a very early stage ^Vfter a few hours or days, sometimes 
weeks V ision begins to return recovering centrally much more rapidly than peripherally , 
and the fields show depression, especially peripherally, and contraction The light 
bcnse IS greatly reduced At this stage the edge of the field is extremely steep and 
disprojiortion between the fields for colour and white is present Though often more 
or less reduced central vision by Snellen s types may be nearly or quite restored while 
the peripheral field remains depressed and constricted llie loss of field may be extreme 
the part remaining extending only to a few degrees round the fixation point in such 
cases the patients exliibit great orientation difficulty 

In shape the outline of the field is often horizontally extended and vertically com 
presseil forming a somewhat horizontal roughly elliptical figure This is due to an 
apparently greater tendenev of the temporal and nasal parts than of the upper and lower 
to recover The restoration may be nTCoUlar some peripheral parts recovering while 
(ther pirtions remain blind In tins way various forms of sector like defect mav be 

* lUnc J D anil Smtt C t itunrt! IJI5 fl 
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protluced, and when the lost areas arc s^mmetnea! in the two fiehh, a superficial re^^bm- 
hlancc to hcmianopia mij arise In other cases a more regular concentric contraction 
leading to an approximate!) circular field occurs Much depends on the care with wliich 
the fields are taken tt'’, e^tpeciall) in the eirlier stage" of recot ert , discrepant and incon- 
sistent responses are apt to be obtamctl, and stnngent precautions to check the patient's 
replies are nscessar> 

Setcral months ma\ elapse before the fields become stationar), and in mild or 
fn\ ourablc cases the^ maj recos er almost completcl) , but some penphenl depression 
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persists , m more severe cases a more or less high degree of depression and contraction 
remains permanently Central scotoma has been recorded, but is ^ ery rare, and possibly 
really a complication rather than a true manifestation of quinme poisomng Colour 
disproportion disappears as the condition becomes stationary 

Interpretation — Uiffermg news ha\e been expressed as to ivhether the field changes 
are due to mtoxication of the ganglion cells or to an ischaemia resulting from contraction 
of the retmal artery There seems to be bttle doubt that the poison acts drrectlj on the 
ganglion cells and nerve fibres, especially on the peripheral elements, vhich in this case 
are the more susceptible (Holden 184, 185) The vascular change is secondarj and not 
the real cause of the visual loss This new is supported by a comparison between the 
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\ot« pecohac svmmetncal delects Ol^ect V 60 mm object made the fields no larger and a I mm. TCiy 
little smaller Colour nsion proportionately affected so that not much more recorery u to be expected. 


contracted vessels and the field changes, which does not show that the v ascular changes 
are absent from those parts of the retina m which vision lo retained Moreover, the 
vision fads before the contraction appears and recovers while the contraction is pro 
gressmg, while m a few cases the v essels are said to hav e remamed normal in appearance 
The presence of a central scotoma mdicates a search for possible complication 

Diagnosis depends as a rule, more upon the history and the ophthabno«copic 
appearances than upon the fields, although the peripheral depression differentiates 
this form of toxic amblj opia from the scotomatous type Special susceptibihty to quinine 
IS a promment factor and a history of a small dose does not contramdicate the diagnosis 
Somewhat similar field defects may be found m mdindual cases of tabetic atrophy or 
hysteria, or m the more rare condition of penpheral interstitial retrobulbar neuritis, but 
the history and mode of onset offer differentiatmg features In hysterical amblyopia the 
fields may show a similar steep edged contraction with good central vision, but the 
absence of orientation difficulty and the normal ophthalmoscopic appearances easil} 
decide the diagnosis In fresh cases difficulty can hardly arise unless for some reason 
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the fict« are coticcaled bv the patient , in oW cases in w Inch the question of causation is 
raised in connection ^vith compensation, pensions, etc, the determination of the field 
changes is of great \aluc 

Prognosis — Some restoration of sight mav always be expected and the ultimate 
state of the \ision is usually better where the early stages have not been very severe 
and especially when the stage of complete blindnes.? if present has not Jaste<l long 
The presence of disproportion indicates that further recovery may be expected, and 
even after several months ’some improvement may still take place Apparent complete 
recovery of peripheral as well as of central vision may occur with remaining pallor of the 
discs but the true state of the fields must be carefiilK tested by the screen before deciding 
that the recovery is really complett Permanent total blindness has not been recorded 

Oplochtn or ethy 1 hy dro cuprein, a derivative of quminc, offers an interesting 
example of the result of an alteration m the chemical constitution of the toxin While 
idiosvncnsy is important here also, optochm is considerably more toxic to the visual 
neurones than quinine Tlic field cliangcs run a course similar to those of quinine poison 
mg but arc distinguished by the relatively frequent occurrence of central scotoma with 
or without peripheral changes, a feature of extreme rarity in connection with the former 
dnig 

Salicylic acid and salicylates have occasionally produced a condition rcscmblitig 
qumino poisoning The field changes arc similar but not so mtense, the duration is 
shorter and tlic prognosis quite good 

The field changes due to Ftlix mas arc not well known in detail Tho whole field 
IS affected and when the fields can be taken concentric contraction is found (Uhthoff) 
The condition resembles quinme amblyopia, but the prognosis as rcgartls permanent 
blindness is worse 

iVnother interesting example of the result of n chemical change is afforded by 
the organic preparations of arsenic ^\Jicrcas the inorganic pcntavalent preparations 
rarch fieW changes nhuh cosssist oS ccJiirs} scotcasita whcjo they di? occur, 

some organie tnv alcnt compounds such ns soamin, atoxy 1 and others, manifest a high 
toxicitv for the visual nerve elements and produce peripheral contraction resembling 
that caused by qumme, central scotonu being exceptional In a review of tliirty seven 
cases of soamin poisoning in twelve of wbicli details of the fields arc given, Igersheim^r 
found restriction of the field on the nasal side ‘ almost without exception,” and m no 
case a central scotoma at any stage Moreover, tins form of amblyopia is distinguished 
In the absence of the tendency to recovciy, the cases pncticallv all progress to complete 
blmdnC'A once the process has commenced, and the prognosis is therefore thoroughly 
bad On the other innd,nccty Inrsan (StrobantictScliepens, 301) and tryqidrsamidemay 
produce fiehl changes closely resembling those of qumme, with preservation of centrul 
V ision and loss of orientation, tlie fields being almo;>t tubular, together with contraction 
of the retinal nrlories, and winch mav lie followetl by a degree of recoverv sand ir to that 
winch occurs in quinine poisoning 
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B RETROBULBAR NEURITIS 

Under this heading ^ill be considered the field changes in disease of the optic nerve 
of inflammatory origin 

Three chief types have been recognised by Wilbrand and Saenger, axial neuritis 
permeiiritis, and total transverse nenntis, characterised respectively bj dommaut 
perimetric features, centra] scotoma, peripheral contraction, and more or less uniform 
and severe failure over the whole field This classification, though not entirely 
satisfactory, is convenient and useful for the tune being 

Acute Retrobulbar Neuritis or Acute Axial Neuritis 
The common form of acute retrobulbar neuritis clinically familiar to ophthalmic 
surgeons is characterised by sudden or rapid failure of central vision in one eye, rarely 
in both, with, in many cases, few or even no concomitant symptoms The examination 
of the field of vision la therefore an important factor in the study of this disease 
Females are rather more commonly affected than males , one half of the patients 
are less than forty 3 ears old and nearly all less than fiit} The lesion talces the form 
of a plaque, similar to the plaque of multiple sclerosis, which is itself the most usual 
cause, situated in the optic nerve and affcctmg the papillo macular bundle If it is near 
the eyeball swellmg of the optic disc may be present, m which case enlargement of the 
bbnd spot will be added to the defects caused by the conduction interference with the 
nerve fibres Often, however, the fundus oculi is norma) in appearance The incidence 
of the lesion as an initial manifestation becomes less and less frequent farther up the 
visual path , it occurs occasionally at the junction of the nerve with the chiasma, some 
tunes m the chiasma, very rarely m the tract, and apparently never at a higher level 
The lesion develops rapidly and then more slowly resolves leaving the axis cylinders still 
capable of conduction so that vision zna) he restored Its site and course determine the 
position and behaviour of the field defects and the mam clinical features are therefore 
unilateral incidence, rapid onset and gradual recovery 

The chief and most charactenstic field change is a defect in the central area This 
scotoma is usually fairly large, some 10'’ to 20" in diameter, but may be more extensive 
so that a comparatively narrow zone of more or less unaffected field remains peripherally 
A small scotoma of a few degrees only may occur in slight cases but is much less common 
than a pronounced defect and, when found, indicates the necessity for careful examma 
tion and watching m order to establish a correct diagnosis Small central scotomata 
of this nature occurring at the commencement of the process are not commonly met 
with iri practice, partly on account of the rapidity of development, and partly because 
advice is rarely sought before the defect has become comparatively gross 

In position the scotoma is central, thoi^h by no means always pericentral The 
mam part of the defect is often paracentral the fixation area bemg eccentrically placed 
within it, but usuall) w ell mcluded, and the centrocaical type is common 

The shape is often approximately circular, but may be oval or irregular Sector 
defects m the form of vertical or horizontal hemianopic or quadrant changes may be 
firesent, and sometimes the scotoma is cut off sharply along the vertical mendian of the 
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field iVn import'int example of this type is the quadrant scotoma, occupymg the apex 
of one quadrant, frequeiitlj the upper temporal, uhicli may be termed “junction^' 
scotoma (Figs 107, 108) as it mdicatestliatthcsiteof interference is at the junction of the 
optic nerve and the chnsma Arcuate defects extending from the blind spot maj form 
incomplete or entire ring scotomata and mdicate the invohement of fibres in the nerve 
which m the retina form bundles arching around the macula Bmg scotomata of zonular 
type maj be large and dense with a very small relatively preserved central field at the 
fixation point, like an island of v ision in the blind area Smaller rmg scotomata uncon- 
nected ivith the blmd spot occur occasionally, but are rare except diirmg recovery 

The intensity of the scotoma vanes considerably As a rule, the visual loss is 
severe or even absolute and if the defect is also extensive, such cases can only be 
examined by the confrontation metiiod or with very large test-objects Less frequently 
the use of colours or of very small white objects may be required to demonstrate the 
defect and liere the same considerations apply as in the case of very small scotomata 
Any intermediate degree may be met with The degree of hhndncss m the area of the 
defect IS not uniform There are usually one or more areas or nuclei at or near its centre 
m which the loss of vision is most severe In contra distinction to this common feature 
the zonular ring scotoma (Figs 1 19, 120) mth relative preservation of central vision 
affords an interesting and hitherto unexplained contrast In other cases analysis with 
serial test-objects may split up the defect into quadrants thus mdicatmg the site of the 
ciusal lesion or may disclose other special features of diagnostic value 

The margins of the scotoma arc usually steep, more rarely sloping and the gradient 
may vary at different parts 

The peripheral field may be miaffectcd, but will not infrequently be found to 
shovN an indentation of the isopters towards the place where the scotoraa extends farthest 
out, and the latter often breaks through to the periphery by a col, or neck, which may 
easily escape observation unless several isopters are marked out In severe cases there 
may be large and obvious gaps affecting the outer parts of the field 

Tile field changes rapidly attain their maximum extent and mtcnsity, and for 
this reason observations upon the early stages are rarely made A strong tendency to 
spontaneous recovery is characteristic During recovery the defects gradually shrink 
and disappear, vision for v\hite retummg more rapidly than that for colour As improve 
ment proceeds the character of the defect may alter and features previously obscure, 
owing to the intensity of the visual failure over the whole field, may become manifest 
A completch blind field may resolve by peripheral recovery into a central scotoma with 
jicnphenl depression The rate of recovery vanes considerably, good vision is frequently 
restored in two or three weeks but sometimes the defect may persist for months before 
ultimately disappeanng At first recovery is often gradual and in some cases after some 
days of slow progress a sudden or rapid increase of centril vision may occur If the 
field be tested at tins time a ring scotoma wall often be found as if central vision had 
risen up m the middle ot the depressed area There is for the most part no definite 
correlation between the condition of the optic di'sc and the state of the field In many 
cases the di«c is normal and gross changes ore rare J^ater on a certain degree of pallor 
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develops and remains permanent although centml vision maj have recovered and the 
field may appear normal In such cases careful examination will nevertheless usually 
show some depression of vision 

The bilateral forms differ in several ways from the unilateral type This group 
mcludes Leber s disease neuromyelitis optica, retrobulbar neuritis in meningo encepba 
Jitis and other conditions Swelling of the optic disc is more frequent and may simulate 
plero cephalic oedema so that cases liave been recorded in which a cranial decompression 
operation has been undertal en The eyes are affected together or one a short time 
after the other The disease begins more gradually than the unilateral type though 
m some cases bilateral blindness may develop very rapidly, and is more severe and 
persistent and does not exhibit in such a high degree the tendency to recovery Most 
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A formal central feld with rainnfc central scotoma for sAb si ghtly larger for red 1 gV 

B CentralBcotomaforjj^wl te rerphcralieoptcrsforaa^n ,J„ond,55normal \ = ,'\) nearly (M1013) 

cases retain some permanent defect of sight and the prognosis is much worse than 
m the imilateral type The chief clinical features m this group aro bilateral incidence 
moderately rapid onset slow progress and tendency to permanent visual defect The 
field changes are similar to those of the unilateral t} pe but usually of i grosser character 
The scotomata may be large with irregular and sometimes severe involvement of the 
periphenl field Nerve fibre bundle defects are rare and indications of chiasmal or 
tract interfeience may occur 

Chrome Retrobulhar Neuritis 

Apart from chronic forms of toxic amblyopia such as that due to tobacco which are 
probabl} retinal chronic retrobulbar neuritis is a comparativelj rare disease Some 
forms of retrobulbar neuritis run a slow clinical course , such cases are more frequently 
bilateral than the acute tj pe and although some recover} often occurs optic atrophy 
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UMLATERAL RETIIOBIII.BAB NEUIims 
Lower nasal quadrantic defect passing op to blind 
spot Defect for red extends nearly to fizst on 
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(H 1934) 
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Fio 107 — JONCTION ScoTOlU 
Fwldj^ Bootoma jggj V Apart with rap d 
fluctuat ons Left field normal Young man 
caose unknown (S 1010 ) 


the position, shape, and extent of the lesion and the degree of interference which it causes 
The centrocsecal position of the scotoma may be due to a lesion situated either in the 
retma or m the nerve According to Wilbiand and Saenger a centroccecal scotoma 
breaking through to the nasal periphery corresponds to a lesion in the anterior end of the 
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nerve Tv]jere the papillo-macular bundle and tbe fibres from the lateral retinal periphery 
ho close together (see Fig. 30). The presence of nuclei in the scotoma and the varying 
incidence of the visual defect, central, paracentral or peripheral, suggest that special 
susceptibility is n factor in the distribution of the field changes. Anatomical conditions 
in connection with blood supply probably also have an important influence. The ring 
scotoma of zonular type wliich may be present throughout the course of a retrobulbar 
neuritis or only during the period of recovery is difficult to explain. It probably 
depends in some way upon the conditions of Wood supply to the nerve fibres and the 
manner in which these arc modified by the inflammatory’^ locus, or it may be related to 
the great superiority of central over ixiraccntral vision. There is no feature in the field 
changes which localises the lesion at any particular point between the anterior and 
po-yterior ends of the ner>'e, though its chiasmal termination is indicated by the junction 
scotoma. Nerve fibre bundle defects are rare ; while they have no special significance 
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Fio H2.— Dzuraut liETROscxBAK XrtTRtm wTTfi SijotrTKrciL CixTROcecdC. Defects 
Tbo ecoComt rfscm tiles that of toliaeea amltyopiA in shape niul |KXi(ion. hut there is much more (icprcsiion of the 
fuWs Periphery for and jjff Ciwtmtfiehl ,5*^, Seotonu. It E , gj mth nuelniifor , LE ,gJB, 
with nucleus for flJSe I'' nearly^*. Female, age 43, cause unknown (M.lOU) 
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Ctnlral fields onl^ , penpherj normal Vj»»on K anti L J CWitml field for red. reriphersl field j5\ju 
white contracted, with centrorieral defects. Good vision with central colour defect 

for diagnosis or prognosis they show that fibres which lie together in the retina remain 
closely associated in the nerve. They arc probably clue to a specially localised conduction 
block depending on vascular interference. Disproportion indicates that the damage to 
the nerve elements is to a large extent only partial. 

Diaffiwm . — ^Thc principles of anatomical and patholoffical interpretation, which 
have already been discussed, are utilised to detennine as far as possible the site and 
the nature of the causal lesion. "While these problems can only be elucidated by the 
coneideration of the complete clinical picture, the perimetric evidence is of great value, 
since in many cases tlie visual sjTnptoms form the only or almost the only obnous 
donation from normal conditions, and they may help to indicate the direction of investi- 
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Fio 114 — Bilatuui. RentoBULVUi NEtmirra wrrn iRBcotjtAB Fields 
Male, age 34, cause unknown The charts show fields five years after onset , general nervous disease appeared 
five years later V ™ Fingers at 1 5 m (C , 1913 ) 
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gation. In order to obtain tbe information which perimetry can offer the examination 
should not stop, as it so often does, at the mere detection of the presence and size of the 
defect, but should include full investigation of both fields and analysis of the changes 
found. The ophthalmoscopic examination should be very careful, and any changes 
found should be correlated with the visual symptoms, bearing in mind that a nonnaJ 
disc does not exclude retrobulbar neuritis nor does a swollen disc necessarily indicate 
its presence. When the scotoma is very small and relative macular disease must be 
carefully excluded. 

Diagnosis in retrobulbar neuritis is essentially the problem of the explanation of a 
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scotomatous field defect uofc associated witli retinal changes in the macular area The 
first questions •which arise are — ^To ■which of the groups of optic nerve disease does the 
case belong and is it of unilateral or of htlateral type ^ After thoroughly examining the 
characters of the scotoma the field of the other eye should be closely investigated espe 
cially if analysis of the scotoma has disclosed quadrintic or hermanopic features A 
very shght and easily overlooked hemianopic defect may be present in the apparently 
unafiected field, or a scotoma of the ordinary central or paracentral type The discoveiy 
of such defects indicates that the case is one of chiasmal disease or one of the forms of 
bilateral retrobulbar neuritis 

Since defects of chiasmal origm are usually m a more advanced stage m one field 
than in the other, theoretically there may be a imilateral defect m the earliest stage 
Only the subsequent mi olvement of the other field can difierentiate such a lesion from 
one m the termination of the nerve and it must also be remembered that a lesion may 
begm m the tennmation of tlie nerve and spread to the chiasma 

Wilbrand aud Saenger point out that a lesion at the chiasmal termination of one 
nerve producing a field defect on that side, if near enough to the chiasma, mav cause a 
peripheral defect m the upper temporal quadrant of the opposite field on account of the 
involvement of the ** knee ” of crossed fibres from the opposite nerve Thus although 
one nerve only is concerned both fields are affected If the lesion is sufficiently severe 
there may be complete blmdness on the affected side and a small upper temporal defect 
on the opposite side The actual part played by the “ knee ” factor seems however, 
somewhat doubtful 

Should the other field prove to be normal the lesion must be subchiasmal and 
confined to one nerve, provuded only that we are not deahng with a case of the bilateral 
type which is affectmg one eye earher than the other If the scotoma shows hemianopio 
or quadrantic features — yunction scotoma — the lesion is probably at the chiasmal 
termination of the nerve Slore commonly these features are absent and the defect is 
the ordmary central or centrocaical scotoma representing the familiar form of unilateral 
retrobulbar neuritis 

IVhen the field changes are bilateral their character indicates in the same way as in 
umlateral cases whether the site of mterference is in each nerve or at a higher level 
In such cases the detection or exclusion of hemianopic signs is usually easy In bilateral 
retrobulbar neuritis the defects ate frequently of similar extent and intensity m the two 
fields, although they need not be simultaneous, whereas in chiasmal mterference a great 
disparity may be present The distmction between the umlateral and bilateral forms 
IS of great importance since the causes, chnical course, and prognosis are usually v ery 
different 

The diagnosis of the cause and nature of the I^ion is often difficult and uncertain 
Three factors are of material assistance — The position and shape of the ‘^cotoma, the 
unilateral or bilateral incidence and the course and behaviour of the field changes The 
importance of the clinical picture as a whole need hardly be stressed The determination 
of the site is of v alue in relation to scotomata of the junction tyqie for, as Velter has shown, 
the chiasmal tenmuation of the nerve is a favourite site of multiple sclerosis It is also 


172 


CLINICAL PERniETRY 


a part of the nerve \\hich is exposed to local pressure, and the diagnosis usually lies 
between these two conditions, of which the latter is less common The slower onset, 
persistence, and gradual mcrease of the pressure defect are also in strong contrast 
to the more lively behaviour of the defect due to inflammation Below the termination 
of the nerve the same considerations apply, though, of course, not without exception 
A somewhat hemianopic type of defect owing to the incidence of the interierence at one 
side of the nerve is suggestive of pressure In such cases there may be some peripheral 
field change m addition to the central defect (Tig 136) 

The usual irregularly rounded or eentrocaecal scotoma the ring scotoma and the 
nerve fibre bundle defect have no special diagnostic significance 

The behaviour of the field changes reflects the course of the lesion and m this way 
indicates its nature The rapid development and slower resolution of the defect with 
pronotmced tendencj to recovery suggests multiple sclerosis — by far the most common 
cause — or a solitary nerve lesion of similar type Field defects of similar character due 
to septic foci such as the nasal sinuses or the teeth, or to vascular disease are relativelj 
uncommon and tend to be more persistent, especially when the cause is pressure on the 
nerve 

If the field changes are unilateral the whole group of bilateral optic nerve affections 
IS excluded excepting always those cases m which one nerve is attacked some considerable 
time before the other 

A definite and clearly demonstrable central scotoma, whether unilateral or bilateral, 
excludes hysteria 

Wlien the field changes arc bilateral, hemianopic features indicate a chiasmal, or in 
rare cases a suprachiasmal, lesion If such features are absent one of the group of bilateral 
scotomatous optic nerve diseases is present This group includes the toxic amblyopias 
so far as they are not retinal Iieber s disease, ncuromyehtis optica and some related 
though obscure cases atypical cases of multiple sclerosis, also a small number of cases 
associated ivith general disease or deficiency, such as syphilis, diabetes or avitaminosis, 
or follow mg an infection such os influenza or typhoid As already pomted out m some 
eases the scotoma appears m one eye first and only after a considerable interval m the 
other or may remain unilateral In differential diagnosis the severe type of tobacco 
amblyopia must be borne m mind, though it rarely presents difficulty Bilateral 
retrobulbar neuritis due to a local cause such as nasal sinusitis is uncommon 
Arachnoiditis is also a possible, though rare, cause 

Prognosis and treatment depend upon the discovery of the cause where this is 
possible, though m the ordinary acute unilateral case m which so often no cause can 
be ascertained, the prognosis is good as r^ards recovery of sight Even severe cases 
of this nature with gross field defects usually recover with little or no resulting visual 
loss, although there may be pallor of the disc There remains, however, a definite 
liability to the subsequent development of nervous disease particularly multiple sclerosis 
A slow course with delayed recovery mcreases the probability of a serious permanent 
defect especially if after a period of improvement a check occurs 
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A\ lien the condition is bilateral the outlook is, os a rule, levs hopeful thouf^h lu acute 
cases pnicticall) conipleterecoveryiua) result In chronic or slow I3 progressing bilateral 
ca'^js the prognosis is iisuall\ serious ami wor^e the longer impro\ement 13 delaved 
The possibiht) of serious disease of the nenous system as a sequel is also present 

Progress should be estimated by repeate<l field examinations rither than In tevting 
central Msion oiil\ The relations between the fields for white and for colour should 
be noted, the jiresence of disproportion during recoaer^ indicates that further impro\e 
ment IS to be exiiected hen apparent complete rccovera has ensued tlio actual state 
ofaisioncanonl) be ascertained bj a field evammation with stiiall visual angles although 
for prictical purposes the cstim \tion of central acuity bj Snellen v test is usuall} 
sulBcient 

Fenpberal Intmtihal Neimtis 

This IS a relativcl} rare condition of which I InNe had no personal experience and 
the following description is derned from recorded cases The field changes consist 
of peripheral depression and contraction with relative retention of central vision corre 
sponding to the inward spread of the disease from the pial sheath along the connective 
tissue septa The ad\ ancing peripheral loss of vision wath the absence of central scotoma 
produces a resemblance in permietric features to the optic atrophj of tabes or to the 
secondary atrophj which follows plerocephalic oedema of the nerve 

The peripheral contraction is sometimes unilateral but more commonlv affects 
both fields uauallj unequally The vasual failure begins gradually, and m the earlier 
stages the loss for white ina} not be inarhcd unless for small visual angles, while the 
defect for colour 15 evident As central vision is rclativ cl) well preserved the patients 
often do not come under observation until the field changes are well advanced and the 
optic discs pale In the later stages central vision fails nl«o, and onlv a ver} small field 
maj remain, which m some cases finally disappears Jeai mg complete blindness 

Sometimes the field is irrcgularl) involved and sector like defects var}ing m size 
and shape mav be produced 

5 he site of the intoxfcrence is usuallj iii the posterior part of tlie nerve where the 
mncul ir fibres he centrallv A peripheral lesion sitinteil where the central fibres are 
superficial as in the anterior part of the nerve miglit, on anatomical grounds he expected 
to ptmlucc a nasal sector defect extending to the ccntrocaccal area a rehtivel) rare pen 
metric finding in retrobulbar neuritis \s the lesion may extend a little w ly along the 
nerve different sets of fibres inaj be affecte<l at different points, and bejond indicating 
its ‘siihchiasmal position the field changes do not cxactlj locate the site of interference 
The peripheral fonn of retrobulbir neuritis occurs usuall} in connection wath a 
pcnneuritiv which it«clf mav arise from several morbid conditions either ns a local 
pracc-=« confined to the nen c, or ns a descending neuritis in connection watli meningitis or 
witli nnuhnouhtis If no other cau<4e is obvious sv philis should be suspected In ®ome 
ta'^cs the diauiiosts between tabetic alropUv and svphihtic perineuritis is verv ddficult 
In tljt former pallor of the optic di^vs nccompamcs w hereas m the latter, it follows the 
visual f uhirc 1 crj contncte<l fields approximately equal in sire arc more chancteri«tic 
of talietic atrophv than of jMjnpheral ncuntis in winch the extreme contraction is often 
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unilateral A decided degree of recovery excludes tabes (Wilbrand and Saenger) No 
special perimetric features are kncnm to be definitely associated nith the various causes 
and the differential diagnosis must be made on other grounds 

The prognosis depends upon the cause, the degree of optic atrophy present, and 
the extent and duration of the field changes It is, on the whole, unfavourable, though 
good results ha\ e been obtamed m syphilitic cases when treated at a sufficiently early 
stage Oumg to the relative preservation of central vision the seventy and progress of 
the disease and its response to treatment are better ganged by perimetry than by sight 
testmg m the ordinary way The presence of proportion or disproportion between the 
fields for colour and for white gives useful information 

Total l^ansverse Neuritis 

Wilbrand and Saenger’s third group mcludes cases characterised by involvement 
of the whole cross section of the nerve, givmg rise to rapid amblyopia or amaurosis 
affecting the uholc field There is evidently no definite separation as regards the 
field changes between these cases and very severe examples of the first group Some 
times if the visual loss is not too mtense, or when a certain amount of recovery has 
taken place, a large and dense central scotoma may be demonstrated or careful examina 
tion with very large objects may show that the amblyopia is more mtense centrallj, 
indicatmg that the field cbaiigea are essentially of the same nature as those of the usual 
type of retrobulbar neuritis The cases are mostly bilateral and may occur m connection 
with gummatous mfiJtration of the nerves, following an infection such as influenza, as 
an mitial stage of neuromyehtis optica, or without discoverable cause In cases of 
pronounced general depression without demonstrable central scotoma the tendency to 
recovery is less prominent and the prognosis less favourable thin m the commoner 
scotomatous tjqie 


Retrobulbar neuritis ma} be regarded as a secondary manifestation, the primary 
cause being either a local process m the neighbourhood of the nerve or a systemic disease 
We may now briefly consider the field changes in retrobulbar neuritis associated with 
some of the more important of these conditions 

Sfolbple Sclerosis 

In a series of 400 cases of retrobulbar neuritis Benedict suspected that 90 per cent 
were due to multiple sclerosis 

The subgemculate portion of visual nerve path may be affected by tlus disease 
at any level, and more than one focus may be present at the same tune Lesions are 
common in the optic nerves, less frequent m the chiasma, and rare m the tracts, and 
are important since they may occur at an early stage m the disease Suprageniculatc 
lesions occur only when the disease is very advanced 

The field changes are of the toxic mflammatory type and occur in two forms, 
firstly those which are present m patients who have other manifestations of multiple 
sclerosis ivith moderate or slight defect of central vision, and secondly, those m which 
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severe loss of central vision is prominent witU or ^\ltl^out the presence of other signs 
at the same time 

Changes of the first variet> have been found in the routine examination of the 
fields They consist of multiple, small, relative scotomata, paracentral or central in 
position, characterised hy indistmctncss, sbght intensity, and sloping edges, so that they 
are difficult to demarcate and best detected by small colour tests Both fields are 
frequently affected, and tliere may be associated peripheral contraction Such defects 
are described by Wilbrand and Saenger and Klingmann, and ha\e also been observed 
by Baton and by Hensen 

A sloirly progressive optic atrophy may be present in some cases with gradually 
mcteasing depression and peripheral contraction of the fields 
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Fio 116 — MW-tiple Sclerosis Cestiuu. Scotova \mR BsEiKT^a Thpoccit 
Penpheral depression. Objects ^ and Female age IT Vs* Hand movements (P, 1913) 

More familiar to the ophthalmic surgeon is the second form m which the field 
changes are those of acute retrobulbar neuritis, the other symptoms being slight or absent 
at the time The scotoma affects the field of one eye only and m a day or two attams 
its greatest extent an dmtensity It js central or centrocsecal m position and irregularly 
round or oval m shape The centre is usually absolute or nearly so and the intensitj 
diminishes towards the periphery where the margins ate moderately steep Not mfre 
quently the maigms are very sloping at one part so that the central defect, especiall) 
if dense, may be connected vnth a penpheral depression by a neck or breaking through 
Nerve fibre bundle defects have been observed by Eoenne and ring scotoma by Uhtlioff 
and Wilbrand and Saenger The peripheral field may be unaffected or may show 
sector shaped or irregular defects of varying intensity, so that the use of small vnsual 
angles is essential to determme its integnty 

Complete or nearly complete blm^ess of one eye may occur or, in severe cases, of 
the two eyes in sequence Simultaneous blmdness of both eyes is exceptional in multiple 
sclerosis 
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^\ hen the site of interference is m the termination of the nerve, a unilateral hemian 
opic or quadrantic scotoma maj be produced, and, if higher up, heraianopic defects 
bitemporal or homonjTHOUs, occur in accordance with the position of the lesion 
Junction scotoma is ver> suggestive of this disease 

As an uncommon ’varietj, peripheral loss, usually somewhat irregular, occurs, 
the central field remaining relatively intact Regular concentric contraction is rare 
and should be regarded with some scepticism as a direct manifestation of pure multiple 
sclerosis 

A. characteristic feature is the variable and fluctuating course of the defects which 
maj alter in position, shape, extent, or mtensit), sometimes wandering from one part 
of the field to another or leaving one field to appear m the other, or recurring after 
disappearance The tendenej to recovery is verj pronounced, and m a few weeks 
central \ision b} Snellen’s test maj be restored to normal, though a careful field examina 
tion maj show slight defects still remaining Hensen has observed that the scotoma 
nearU alwajs recoaers within three months if no other ne^^e sjmptoins are present or 
appear before the three months are completed If other s^ouptoms already exist or arise 
the scotoma tends to persist 

The behaviour of the field changes is in accordance with the course of the morbid 
process The initial dense scotoma occurs in the stage of congestion and swelling , 
restitution of Msion with slight deprcs.sion of the field or faint scotomata, corresponds 
to the stage of resolution with functional reco\cry of most of the axones, which arc 
very resistant to thus fonn of injur> The \anabilit) of the defect is due to resolution 
m one part of the lesion followed by the development of fresh foci elsewhere 

The diagnosis of multiple sclerosis, as far as the perimetric evidence is concerned, 
IS suggested bj the short duration and the inconstancy of the defects, or the presence 
of changes which seem to indicate more than one site of interference Scotomata of 
the junction \ariety or showing other hemianopic features are also suggestne but 
require to be distinguished from field changes of the pressure t}pe Simultaneous or 
nearly simultaneous blindness of both ejes suggests one of the fornLs of bilateral retro 
bulbar neuritis such as neurorajelitis optica Peripheral field changes, especiall} 
concentric contraction, with retained central vision, should be carefullj differentiated 
from functional Msual disturbances winch maj be found m cases in which sjanpfoms 
suggcsti\ e of multiple sclerosis are present 

M hen the field changes pursue a more gradual and steady course they have, 'per sCy 
no special positive significance in the clinical picture of multiple sclerosis and the 
diagnosis depends upon other evidence Multiple sclerosis is a very cominoii cause of 
retrobulbar neuritis, of which probably 50 per cent or more maj be regarded as of this 
n iturc 

The prognosis as regards recovery of vision is extreme!; good, especiall} if the 
defect IS of the acute scotomatous type, and the other signs of the disease arc 
slight Even verj gross and mtensc defects rarelj cause serious pennanent visual 
Io«s In the rarer graduallj developing cases the outlook for recover) of va«ion is less 
hopeful 
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Disease of the Kasai Accessory Sinuses 

Although nasal sinus disease is an uncommon cause of retrobulbar neuritis, it 
is important in so far as its timely recognition enables correct treatment to be under- 
taken. The optic nerves are more liable to be affected by disease of the posterior than 
of the anterior sinuses, and the resulting neuritis is acute or subacute, seldom chronic, 
and is usually unilateral. 



Flo 117 .— Nas*!. Siscs DtSEA35, 

Eatly changes Pertciecalicoloinafor^ijp. Tensporo central defect for Vision jj. (After Walker(452) ) 

Numerous observations have been recorded as to the character of the field changes 
present in this condition. These reported changes fall into three groups : — 

1. Chronic cases of unexplained headache or visual impairment m vhom latent 

sinus disease is suspected as a possible cause. 

2. Cases of definite purulent inflammation of the sinuses ^vithout risual symptoms. 
In these two groups three chief field conditions have been recorded : peripheral 

contraction, “ enlargement of the blmd spot ” with normal field periphery, and normal 
fields. The field changes are not complained of by the patient, but found on examination. 

3. Cases in which pronounced visual uapainaent is present. Sinus disease is usually 

manifest. 
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A Field taken three months after onset of symptoms and a few days after a preliminary nasal operation 
Almost complete ring scotoma for \ ^ 

D A week alter opening of ai>$ces) AppeAiancs i^ceotial field /or gj, V 


Here definite changes of the toxic inflammatory type, occasionally of the pressure 
type, are present , scotoma of the central field involving the fixation area to a greater 
or less degree with or without penpheral depression which, when present, is often local 
or irregular rather than concentnc The scotoma may also be of the centrocaical or 
annular t;^pe The defect may be progressive, leading to atrophy or may fluctuate , 
it IS persistent and does not follow the typical course of the scotoma m ordinary acute 
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Fto 120 — ^2 iA 54L Sac9 llfscjisc. 


A. Ring ■cotoma with gap Mov, jgJj. Pf npheiy for ,5,. , j„, V. ,»*. 

R. Three Oaya later : gap alxicnt except for * JSg. V. +. Chart on larger acalc. 
Almost campteto reco>eiy one weeh after operatton (V. |) (H , 19IS ) 



Fia. lil. Srrfnunc Disuse or Kasai. Roses 


Prohahty also gummatoua disease affecting Intracnnul parts of the nervea anti chusma. 
Ix-fe field rctain.s only upper nasal , right field abosTs nasal step. 

Objects- P.. aYc. A"b. sJb- ' 

^ sic. sis- ^ Hand moreaieDta flwK,10l3i> 


retrobulbar neuritis. M long as tiie cause is active there is little or no tendency to 
recovery. 

/nfer/trefafion. — A study of the literature in relation to changes in the first two 
groups indicates such a complete lack of agreement in the obserN’ations of diflcrent 
workers, and at the same time such a definite consistency in the findings of individuals 
that the conchL«io!i is unavoidable that these results have not been uninfluenced by the 
metlio<l of examination and by the attitude of the obsen'cr. In the few cases of this 
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group •which I have personally exanuned, I have found the boimdaries and slope of the 
fields al\va}s vithin physiological limits of variation If the bilateral field changes 
reported are common in sinus disease the apparently normal field in a case of umlateral 
retrobulbar neuritis of rhinogenie origin should usually sbou one or other of the altera 
tions described Such findings are not recorded, but I have personally observed field 
changes of obviously psychical nature m the field of the unaffected eye Until the true 
nature of these field changes is more fully established, caution and reserve are necessary 
m dramng inferences from them as to the fibre architecture of the nerve or the way ui 
which theji are produced 

In the third group the changes indicate the presence of a retrobulbar neuritis, 
or, m rarer cases, of a pressure interference situated in the nerve Although cases of 
bitemporal hemianopia have occasionally been attributed to smus disease no real 
evidence exists to shoi\ that the crossed fibres are ever affected in the chiasma Nor 
IS It possible to saj from the field changes whether the condition of the nerve is due 
to an actual extension of inflammation from the diseased smus or to secondary results 
such as congestion or intoxication The most acceptable hypothesis is that of venous 
congestion m the nene, leading to impaired nutrition and suffocation of the nerve 
fibres 

Diagnosis — In the majonty of cases of rhmogenio retrobulbar neuritis the smus 
disease is sufficientlj evident to enable the diagnosis to be made In the absence of 
demonstrable smus disease a sceptical attitude should be adopted towards the possible 
rhinogenie origin of the field changes \Vhen a rhmogeme neuritis is suspected as the 
cause of a scotomatous defect, the field changes can give little positive assistance as 
there is no special type of defect associated with sinus disease, but they are of con- 
siderable value in a negative sense, as by their study we are enabled to exclude many 
other causes, such as tobacco or hypophjsial tumour for example, whose effects have 
often been confused with those of smus disease, and in this ivay to narrow the area of the 
problem In such obscure cases the diagnosis usually lies between “ latent ’’smusdisease 
and multiple sclerosis or a pressure interference, and help %vill often be obtained from the 
observation of the behaviour of the field changes The presence of heraianopic or quad 
rantic defects is against mflamraatory smus disease Concentnc contraction, apart from 
conditions such as tabetic atrophy, is usually functional and cannot be regarded as 
evidence of a presumed toxic mfluence, emanating from a hypothetical latent or other 
wise symptomless^ — except for headache — morbid smus condition and acting directly 
upon the optic nerve In cases of mucocele it may be possible to diagnose a pressure 
interference, but that the source of pressure is a dilated smus is not indicated b} the 
peiimetnc findings 


BILATERAL FORMS 
Neuromyelitis Optica 

An important and interestmg form of bilateral retrobulbar neuritis i" that associated 
with myehtis Both sides are always affected, though one may suffer a few days, or, in 
rare cases, weehs before the other Blmdness may come on so rapidly that it is not 
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Fro JS3 — REf»OBn.»An JfEOBiTia o Myxuris 


Female,age 13 Left 6 eld, ceottocTcal s'-otoma • objcctas^^and nfW b,^ RiSht field, central 

(0010111% objeota and 3^11 


(H 



Fio. 153 — NBCBOMnsLins Omci 

Xeniomyclifia optica in a girl of 13 Left field ahovg general depression with a largo sector defect dowti and out 
and a central defect aboro tbe fixation point V 
Right field normal V j A fortojglit later both eyes Umd 
Test objects ,1?, red (C S , 1936 ) 

possible to investigate the fields, in other cases central or centrociEcal scotoma, qua^. 
rantic or hemianopic central defects, sector defects, peripheral contraction or combina- 
tions of these have been reported. Homonymous bemianopia apparently does not occui:. 
More rarely a moderate amblyopia o£ one form or another is present. In the cases with 
severe visual loss the character of the field changes may be observed durmg recovery ag 
in a case observed personally in which, follo^ng complete blmdness, central scotoma was 
present in one field and general depresaon, only slightly greater centrally, in the other. 
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Fia. 124 — NEraoJoreuns Optica. 

Keurom^clltuoptlCIlln a patient 62 jears of age Ixias of naaal 6 e 1 d and arcuate scotoma H K Qun<{mnt defect 
L.E LV.A Objects K E ,J,., A, EE , 1 ,. (PU.mO) 



Fio 125— REconsT 1^ RFmonn-BAR Xecritis. leawo DEPREMioy of Central Field and RELAtirE 
Xat\e Fibre IIonole Scotova 


Field for normal R\ =Jpart, LV Objects .gj,. ,«%b> Hoi ,|(ga (dotted imp) R F only. 

Charts taken four years after acute attach «lipn R V = I* L I. \ = counting Ungers 1 5 metres Hecovery 
began within tao months (W,1'J25) 


Tlie field cli-ingcs are verj* variable in form, and may fluctuate in intensity ; no speciil 
type occurs. At least partial recovery of sight may be e.vpectcd, and persistent total 
blindness is an uncommon result. The patient may recover \ision but die of the myelitis 
which usually appears a few dajs or weeks after the visual sjTnptoms, more rarely at the 
same tunc or beforehand. 

The post-mortem findings are in agreement uith the field changes, lesions having 
been obscrs*ed in the hcia’cs, chiasma and tracts, but not in the latter alone (UhthofI). 
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Owing to tlie frequently intense imblyopia, perimetry does not play an important 
part in the diagnosis, except possibly m cases which are seen early or in which the 
field changes develop sufficiently slowly Until the appearance of the spinal symptoms, 
it is not possible to diagnose this form of neuntis by the ocular syinptonis alone The 
occurrence of rapid bilateral blmdness with swoilen discs and negative evidence in other 
directions should arouse suspicion As regards prognosis the de^eIopment of severe 
visual symptoms ^\ ould appear to indicate, though not without exception, that the spmal 
lesion inll also be severe The mortality is stated to be about 60 per cent (Qoulden) 

Bilateral retrobulbar neuntis ivith rapid complete blmdness followed by recoverj 
sometimes occurs in children Possibly these and some other cases of acute bilateral 
retrobulbar neuritis belong to the same group, or arc closely related to the my elitis castjs, 
the spmal affection bcmg absent 

A similar form of retrobulbar neuritis occurs m acute disseminated encephalitis 
Hereditary Optic Atrophy or Leber’s Disease 

Leber’s disease is a form of acute or subacute retrobulbar neuritis « hich is usually 
hereditary , occurring typically in the males of affected families about the time of puberty 


113 m 



or adolescence, or later at about forty to fifty y^ts Isolated cases without family 
history also occur, and females are occasionally affected more commonly in the latter 
of the ta\o age periods 

The failure of sight begins as a role with moderate rapidity, and mcreases for a 
few months, after nluch gradual improvement occurs leaving usually a considerable 
defect, while complete bluKlness is exceptional Tlie tendency to recovery, so charac- 



184 


CLINICAL PERBIETRY 


teristic of acute unilateral retrobulbar neuritis, is only slight. Both eyes are affected 
usually about the same time or, less frequently, \nth an interval of weeks or months. 

Owing to the bad central viaon fixation is uncertain and there is often difficulty 
in accurately mapping out the field defects. Every precaution to exclude error is 
reguned. 

The characteristic feature is a central scotoma, varying in size but usually some 
15° to 40° in diameter, round or oblong in shape, occasionally irregular. In position 
the defect is approximately pericentral and not commonly distinctly paracentral, i.e , 
with the fixation area near its e<Jge. The centrocaxal tyjye of scotoma may be present, 
well overlapping the fixation area. Definite quadrantic or hemianopic features do not 
occur. The intensity varies, as a rule the defect is very dense or absolute in the most 
depressed part which is usually near the centre of the scotoma, while the surrounding 
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area is less affected, so that the edge presents a fairly steep slope. The scotoma is 
multiform ; many different forms and shapes may be found in a series of cases and it 
may be quite different in the two fields. Peripheral vision for colour and white is often 
impaired, though a moderately large white test-objeot may show a normal boundary, 
and frequently a sector-shaped or irregular depression connects the periphery with the 
scotoma. 

This hreakmg through may occur at any part of the field, but is more common in an 
inward, or upward and inward, direction and may give rise to field conditions which 
resemble various forms of hemianopia. Should the peripheral depression appear 
symmetrically in the upper temporal quadrants a superficial resemblance to one of the 
stages of bitemporal hemianopia may result 

Nerve fibre bundle defects may be present, and in a case recorded by Hancock a 
small ring scotoma ultimately devdoped. 
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Interpretation — Tlic clmnctcri of tlio field defect e‘5pecnll} the absence of quad 
rantic or iicmmnopic features indicate that the site of interference is subclnasmnl and 
the existence of nerve fibre bundle defects points to the nerve rather than the retina 
S)TnmetricaI breaking through of the scotoma into the upper temporal field quadrants 
should not be regarded as evidence of bitemporal hcmianopia without verification 
In behaviour the field changes correspond to the toxic inflammatorj t^jic , no features 
suggestive of pressure are present 

-Diagnosis — The field clnnges place the condition in the bilateral group and when 
heredit} can be established the diagnosis is made on that basis In manv cases no 
evidence of this kind can be obtained and the penmetric findings n<is\.im<3 a greater 
importance The important features arc the rapid onset bilateral field defects slow 
progress and stationar} final condition On those grounds and taking into consider ition 
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the general clinical picture a ca«e may be regmlcd as being of the I^bcr group 
Months or jears may clap e before the subsequent development of some other nervous 
disease nece>sifates an alteration of opinion 

Cases which present the general features of licber s di'sca'^e raav be confused with 
tobacco ainbhopia and with chiasmal interference but arc usunll) easily differentiated 
b) the dense steep edgcfl scotoma with bad vision and without hemnnopic features 
The constant features of the tobacco «cotoma contract with the more multiform changes 
m Leber 8 disease Local peripheral depression of the field which docs not occur in 
tobacco nmblv opia may be prc«5ent 

Vnchnoiditis in the optico chn«mal region maj also give n«e to bilateral central 
scotomata ind other field changes ami should be bonie in mind as a j>o« ihlc cau^e jn 
caces in winch the diagnosis is difficult 

The prognosis m cases of the Leber tvpe as well ns in proved Ijcbetb diMiase is 
nlmcst nlwajs unfavourable as regards perfect recovery of central va ion but is fairly 
good in respect of the possibilitv of senous bhndncss Cctens panbus, cases associated 
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with inten'sc and e\tensl^c field changes both central and jicnplieral and which run a 
protracted course ofler the least hopeful outlook 

The question of difiercntial diagnosis between tobacco nmbljopia Leber s disease 
and chiasmal interference as from a h>poph>sia( tumour or meningioma sometimes arises 
The more important perimetric features may be summarised as follows — 

(J) Tobacco Amblyopia Scotoma diffuse and relative with central nucleus or nuclei 
does not extend far to nasal side of fixation area nerve fibre bundle defects absent 
central colour field may show an extcnsixc temporal defect peripheral field unaffected 
quadrantic signs ahseut 

(2) Leber s Disease Scotoma dense freely includes fixation area ncr\ c fibre bundle 
defects may be present peripheral field usually affected quadrantic signs absent 

(3) Cluasmal Interference Scotoma dense occupies tbeapev of a quadrant nerve fibre 
bundle defects may be present peripheral field affected quadrantic features present in 
both central and peripheral field 



1 p!< 1 (or . 1 . nearly norm&I F rltl for <|b abotra I fn l« nriT« f( ro bundle defr<.U n\ A 1*% f (0 


Blindness following Bremorrhafe 

This interesting condition appears to be a retrobulbar neuritis or an mtoxicition of 
tbe rttmal ganglion cells (Holden 185) The patients arc usually o%cr forty years of 
age and haae suffered from pre existing disease so that their physical condition is below 
nonnal Cases of w ir wounds with this ocular complication arc howc\cr reported 

Ihc usual cause is sea ere ha?moiThflge from the gistro intestinal tract or uterus 
^\ ithm a dn\ or two of the hsemorrhage rapid failure of \ision occurs bilateral in about 
00 per cent of the cases and the optic discs are seen to be swollen sometimes with small 
hiemorrbngos 

^luch depression of tbe field occurs watb wide sector defects which may produce 
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various forms of restriction resembling irregular bemianopia, vertical or liorizontal, 
and always include the fixation area Pincus believes that loss of the lower half of the 
field IS so frequent as to be charactenstie Occasionally a central scotoma with intact 
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Fifl 130 — Atbopht roLLOwpfo OiSTBio H*Moaaiuo* Tioieb Mo’«ths Ama Onsst 
V uion in nzlit field reduced to tbe perception ol lercc «lute obiects in upKr teraporel quadrant Left field 
,S, jj5 VA (St.IOJl) 

peripheral field limits has been recorded The changes may be very much more severe 
lu one field than m the other and in the less affected field there may be depression of the 
central isopters The defect is absolute or very mtense, and although the tendency to 
recover} is present, the damage is so severe that a permanent loss of vision remains 
Cases of complete recovery have, however, been reported 
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PermciOQS Aasemia with Sabacote Degeneration of the Spinal Cord 

In tins condition bilateral retrobulbar neuritis may occur cither before about the 
same time as or foIIoiMng the aniemia and cord symptoms The visual defect may 
precede the an-emia — or the discovery of the amemia — by some years The field changes 
are similar to those of Leber s disease and do not present any distinguishing features 
The onset is gradual and there is little or no spontaneous tendency to recovery 
Complete blindness does not result but permanent impairment of vision remains The 
diagnosis depends upon the detection of the anaemia and cord symptoms The prognosis 
i-s better vben the an'cmia is recognised early and suitable treatment instituted 

Diabetes 

The scotomatons field changes produced by endogenic toxins in diabetes inaA be 
shortly referred to as they are believed by many to resemble closely those of tobacco 
poisoning Sometimes this is the case uhen the defect is centrocxcal in position but 
in such cases the scotoma is denser and lias steeper edges than that of tobacco ubile 
the onset and course are different The defect due to tobacco is constant m its characters 
n hereas that due directly to the toxins of diabetes is multiform and often pericentral and 
Nary mg in shape Any illness may cause the deaclopment of amblyopia m a smoker 
wl 0 consumes enough tobacco and diabetes is not infrequently a factor in the production 
of tobacco amblyopia 

We have seen that m tobacco amblyopia the central part of the field surrounding 
the scotoma undergoes certain changes Changes of this constant and characteristic 
ta pe are not found in diabetic ambly opia Cases of pure diabetic toxic amblyopia have 
not hitherto been sufficiently closely examined m sufficient number to establish the 
true characters of the field changes and in many of the reported cases the diabetic 
origin of the amblyopia is not convincingly demonstrated Retrobulbar neuritis mIucIi 
can be ascribed to diabetes is extremely rare since the establishment of modern treatment 
for the disease 


Progressive Optic Atrophy Tabetic Type 
Tabes 

This form of atrophy is pnmaiy in the ophthalmoscopic sense since the optic 
disc shows no signs of having passed through a stage of suelJmj, and congestion ^\lth 
out closely examining the \exed question of the pathogenesis of tabetic op*ic atroj hy 
We may note that it is probablv due either to the action of the toxins of the spirochxta 
pallida directly upon the nerve fibres or to an impairment of the nutrition of the fibres 
by a very chronic vascular and interstitial mflammatory process in the pial sheath and 
its trabecula? or to a combination of both these factors in varying degrees (Paton) 
That is to sav as far as v\e know the factors concerned are essentially very much the 
same as tho<!o which act in other toxic inflammatory affections of the nerve 

Both nerves are always affccte<l though in unequal degrees The disj aiity vanes 
greatly it may be very slight or so pronoimccd as to suggest the integrity of the less 
affected field In the initial stage it is probable that the condition is in some cases 
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unilaterfil for a time, but, as in other similar bilateral visual defects, the patient does not 
seek advice until the condition is more developed. 

Following Uhthoff (424) we recognise two chief types of field change : — 

1. General depression fairly equallj' distributed over the field. 

II. Local depression, the affected area being usually sharply limited from the 
remainder. The local depression may take various forms. 

L — It has been pointed out (Chapter V) that in general depression the internal 
isopters — those for colours and small visual angles /or white — first show contraction, and 
this is evident in the early stage of the tabetic type of field change. Tested by the older 
methods, peripheral loss for colour was foimd with uncontracted fields for white. As the 
condition progresses the dejiressiort increases, and by the time that central vision has 
fallen so far as to incommode the patient the peripheral field will show relative contraction 
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for w Iiitc, though often unrestricted limits if the object used is large enough. In rapidly 
progressive cases disproportion is pronounced, and colour vision, even at tlie centre, may 
be almost entirely lost except for large and brilliant objects, while central vision by 
Snellen’s test remains good. Red*grcen blindness appears first, and is followed by blue- 
3 ellow blindness wlien the failure for nliite has become manifest. 

II. — In the second type sector defects of various kinds occur witli more or less steep 
edges whose slope may var}* at different parts. The unaffected areas may retain good 
vision for a considerable period. Such defects may involve one or several quadrants 
and maj’ produce a field picture resembling different varieties of hemianopia. A nasal 
step may be present, or an arenate defect of nerve fibre bundle tj'po passing to the blind 
spot (Fig. 134). A definite variety is characterised by an approach to true concentric 
contraction (coast-erosion tjrpe) with jireservation of central vision, even for colour, 
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until the contraction has become extreme. These fields resemble those attributed to 
perineuritis. 

Central ‘scotoma lias been obscr>'etl occasionally, and is, according to UhthofT, who 
found it in 2 per cent, of his cases, by far the rarest of tabetic field changes. There is 
nearly ahs.ays associated restriction at some part of the periphery, and the scotoma 
progresses, breaks through, and expands until the whole field is lost. There may be ft 
central .scotoma in one field ivith peripheftiJ depression or another type of cliange in 
the other. Ilemianopia, both liomonymous and bitemporal, has also been recorded, but 
IS not regarded by UlithofI as a pure tabetic manifestation. 



Interprelation , — Tiie character of the fiehl changes, especially the presence of nerie 
fibre bundle defects i^hicli extend across the vertical meridian, togetlicr with the absence 
of true Iiemianopic features, indicates the nerve as the site of the interference. In 
the rare cases in i\hich indications suggestive of hemianopia are found, careful examina- 
tion by quantitative penmetr)' is neccssarj' to sboiv whether signs of tract or chi.ismal 
interference are really present, or ubetJier the condition is merely one of liomonymous 
or bitenqioral depression simulating tnic hemianopia only m position and shape. 
UhthofT, for example, m illustrating a case of apparent symmetrical inferior hemwnojn.i, 
points out that the condition is really a peripheral shrinkage of each field, and suggests 
that in other cases the hemianopia may be ilue to a complication. The point is also 
discus.scd by other observers (Fuchs, Langenbeck, I’aton), and it would seem to be 
advisable to regard the existence of true hemianopia as a purely tabetic manifestation 
with some reserve until more detailed evidence is forthcoming as to the exact nature of 
the field changes and the absence of any basal complications in such cases. The existence 
of genuine hemianopic changes would show that the lesion may begin in the tract or 
cldasma. 
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Similirlj , witli regard to the presence of central scotoma in uncomplicated tabetic 
atroph), a closer analysis is required, not onlj of the scotoma, but of the uhole field 
before the true relation of the defect to the tabetic process can be established A 
condition of this kind uould bring the patient qmcklj to the oculist, }ct the develop 
ment of perimetry and of neurological diagnosis has not increiscd such observations 
Uhtliofi never found central scotoma as an isolated field change, but nearlv always 
associated vvith some peripheral depression, and it is probable that a more c\act anal) si^ 
would have shown that such central scotomata were reallv portions of sector defects 
whose intensit) varied at difterent parts There is no clear evidence of isolated involve 
inent of the macular fibres, and in reported cases the characters of the defect have not 
alw ays been sufHcicntlj closelv examined to exclude other conditions Tlic onlv instance 
I have pcrsonallj seen was a tobacco scotoma (5ce also Paton, 305 ) 
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Central scotoma, therefore, unless there is good reason to the contrar), should biv 
regarded as a complication of tabetic atroph) It mu) occur m other syphilitic affections 
of the optic nerves associated wath atroph) 

\\ilbrand and Suengcr attribute field changes v\ith rapid loss of central vision 
to a lesion m the antenor end of the nerve, since here the macular fibres he peripheral!) , 
and peripheral loss with relative retention of central vasion to a more posterior lesion, 
the macular fibres being affected late on account of their central position 

Tor the most part thedisea‘*e affects the nerve, with possible unusual ca^', in which 
it originates in tlic chnsnia or tract The first tvjie of field change indicates that the 
whole cross section of the nerve inav be Jwrh unifonnlv affected, the second that more 
or loss slmrplv demarcated parts mav be attacked The significance of the field change^ 
in regard to the p ithological process is not cle ir Paton rcgartletl the general depression 
of the field ns indicating a direct toxic action on the nerve fibres and the more demar- 
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cited defects as the «ccondar> results of locilcsed clfrotiic interstitial inflammation 
On the other hand the general depression of the fields with loss of colour \ision m 
id\ince of tint for white — disprojiortion — onl) indicates diffase partnl damage to the 
fibres and does not seem neccssanlj to indicate direct toxic action as ij,amst lascular 
impairment The different field defects mi} equal)} well be explained b} diffuse or 
patch} interstitnl disease of different denrecs of sc\cnt\ cspcciall} if as is jirobable the 
obliteration of minute blood ac«scls pli }8 an important part 

Diagnoses — In the majont} of cases at the tune wlicn the patient presents himself 
on account of i isual failure the clinical { tcltiic is sufficicnth dci elopcfl to make diagnosis 
eas\ without a \cr} close examination of the fields Mhcn the Msual failure precedes 
the general s\mptonts bj a long mter\al tl c importance of the perimetric cMdence is 
increase I espccialh na the ophti almo copic appearance of simple atroph} may be 
produce 1 h\ other causes Tlie liiston of on<=et and the gradual relentless progress 
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of the defects offer helpful indications and diagnostic difBculties are less hkel} to arise 
if the case is seen carls and obsetsed o\cr a penod It is noteworthy that at the tune 
when Msual failure is first complained of the optic discs are practical!} al\va}s already 
pale The pallor often commences before an} functional defect can be detected except 
b} the most careful quantitatisc testing 

In cases of suspected tabetic atroph} which appear to be unilateral it is essential 
to test the apparentl} normal eye anth small Msual angles the examination of central 
vision onl} is insufilcicnt Hcmianopic defects require careful scrutiny m tabetic 
atroph} they have the characters of sub gemculatc hermanopia irregularity and mcon 
gruit} with slopmg edges while the preserved portions of the fields may show asym 
metrical changes indicating lesions of both nerves In the progressive bilateral simple 
atrophy of chiasmal interference due to tumour the 13^)0 of hermanopia is so charac 
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ten^tic that a misdiagnosis can hardly be mode even on the perimetric evidence alone 
When atypical defects such as hemianopia or central scotoma are present, the characters 
of the defects should, therefore, be mmutel} examined, and the possibility of comphca* 
tions, such as mtracranial disease or toxic amblyopia, should be considered before 
admitting such changes as features of pure tabetic atrophy. Bilateral atrophy with field 
changes resembling m some respects those of tabetic atrophy may be present in certain 
cases of retrobulbar neuritis, cerebral sypbibtic disease, or multiple sclerosis, and in some 
cases of toxic amblyopia due to certain aiseuic compounds, but the onset and course of the 
defects, their relationship to the ophthalmoscopic appearances, and the general symptoms 
are different 

Bollach et al (39) found concenhic contraction of the fields m 23 per cent of their 
collected cases of optico chiasmic arachnoiditis 

Prognosis — The presence of proportion or disproportion between the fields for 
white and colour is of value in indicating the relatively stationary or actively progressive 
nature of the conditions Progress maj, however, be variable, and both remissions 
and exacerbations may occur Apart from the presence of (bsjiroportion or proportion 
the difierent types of field defect do not affect the immediate prognosis As a general 
rule the worse tiie fields the worse is the expectation of retention of vision 

According to some observers indications with regard to treatment may be obtained 
from the fields Behr (27), following Wilbraud, finds that energetic antisyphihtio 
treatment is contraindicated in three types of field — 

1 Impairment of central vision , early failure for colour with normal or nearly 
normal boundaries for white 

2 Extreme concentric contraction with boundaries for white and colour fallmg 
together , normal or nearly normal central vision 

3 Shght field changes which affect white rather than colour perception , normal 
or nearly normal central vision , already well developed pallor of the optic disc , 
pronounced subjective light sensation (Sec also Zunmennann (48D) ) 

On the other hand, Igersheimer (197), with Uhthoff, is sceptical as to the results 
of treatment, one way or the other, whatever the state of the fields may be 

In any case it seems hardly justifiable to attribute further loss of vision, even if 
accelerated, to the treatment employed, especially when the field changes indicate a 
progressive type of atrophy Jly e^enence mdicates that the state of the fields need 
not be permitted to mfluence the treatment, which, m any case, should be conducted 
with care and prudence as regards dosage of atseiiicab 

n 

PRESSURE 

The pressure group includes those cases m which the conduction interfereuce 
depends upon locil pressure on or proximit} to the nerve such as is produced by 
neoplasms or other swellmgs, whether external to the nerve or in its substance or sheath 
This cause maj operate anyivhere in the visual path, and as regards the optic nerve, 
affects most commonly the intracranial part on account of its anatomical rehtionslups 
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Fio 130 — Pbesswib Ijitesee»b>ce wjtr tsb Omc Vesvb 

A Defect in upper Utaporal quadrant increasing in drasitr towards centre Pressure on left optic nerve at foramen 
,3^ V«Fin8«"atl» {F,192!) 

B Central and pencscal scotomata m a case of encapsulated intra orbital tumour The penciccal defect is probably 
matnlj due to cedema of theopticdisc V _ Fingers at 16m ObjectSsIs <i)s> jirbir stou 
1916) 

C Pressure on left optic nerve from sphenoidal tumour ^|o s?e sa^u Red All 
breaking through jn lower nasal quadrant (f)D> 1321 ) 

The field changes are, as a rule, wide sector depressions of irregular quadrantic 
or hemianopic shape producing different forms of vertical or horizontal hemianopia, 
or defects which tend in that direction One field only is affected at first, but both may 
become mvolved, and m the latter case the hemianopia may be bitemporal or horizontal 
or possibly bmasal, but is never homonymous The internal isopters are affected before 
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the periphery and recover later on removal of the pressure. Central scotoma is frequent. 
Sooner or later the defect crosses the vertical meridian of the field, and in some cases a 
real chiasmal bitemporal hemianopLa may develop if the lesion extends backwards to 
the chiasma. 

]n binasal herrtianopia one field is affected before the other. A scotoma may develop 
but the field changes do not begin n-ith bilateral central scotomata. The field defects 
may recover or remain stationary or progress to complete blindness. Central vision is 
nearly always reduced and there is often associated depression of the temporal fields. 
Other symptoms are usually absent. 

Annular scotoma has been reported by LUlic and Adson in two cases. In each there 
was an enclosed central scotoma. 
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Fio 137 — rnesstmc l^TERrtKe'ice Fbovt or Ciiusma. 
n>Sh( /icM iliowt tcmponl defect and t«mpon( bemianopio scotomn V j*!,. ObjccU als 
Left field at tliu d/tio nracticallv nortiul for ali). and no defect conld be elicitol with otiicr teits V }. (Jn., 

J£I21 ) 1 J 

The intensity of the defect varies, it is often greater centralwartls so that a central 
or centrocoical scotoma is present. The slope of the edge also \’arics at different parts 
and at different times. Sometimes the peripheral depres.sion is minimal or even 
ajiparcntly absent, and the scotoma may show no hemianopic features. 

The onset is usually gradual and the patient seeks advice when central vision 
hecomes affected. .tVs the invasion of the fixation area is easily noticed, while peripheral 
failure tends to escape observation, the patient may give a histor}* of comparatively 
nipid onset. In some cases tlie onset actually is rapid, and progress may be rapid or slow 
according to the nature of the lesion. The peripheral depression becomes more intense 
and the affected part.s of the field become blind. Ultimately the whole field m.ay be lost. 

The changes are jirogressive although sometimes var}'ing, and the tendency to 
recovery U pronounced. Recovery occurs rapidly when the pressure is relieved, unless 
It has acted for a long time. 
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Stewarfc and Eiddoch have shown that pressure upon the spinal cord’produces its 
effects by causing venous congestion and arterial isclijemia rather than by compressing 
the nerve fibres themselves, and it may be assumed that pressure upon tlie optic nerve 
and other parts of the visual nerve path acts in the same way. The pathological lesion 
has been found by Eoennc (3S3) to be similar to that present in retrobulbar neuritis and, 
as the nerve need not be actually squeezed, he prefers to regard the condition as a 
neighbourhood [T^ackharschajt) rather than a compression effect. 

Diagnosis. — rom the clinical point of view it is important not to confuse pressure 
interference ^Nith retrobulbar neuritis. The characters described, together with the 
history and course of the field changes, considered in association with the evidence from 
other sources, often enable the correct diagnosis to be made or, at least, guide the observer 
in the proper direction. 

In unilateral cases without obvious hemianopic features a local orbital cause 
affecting the intraorhital portion of the ner\'e should be suspected. Orbital swellings 
usually present Uttle difficulty, but when the apical region is involved there may be 
proptosis only, and the presence of a swelling within the orbit may be doubtful. Here 
tumour of the nen’e sheath should be thought of, and careful radiograpliic examination 
of the optic foiameii; and its neighbourhoo<l is indicatwl. 

The intracranial part of the nerve may be affected by meningeal tumours grouing 
from the region of the tubcrculum sellce or by glioma of the nerve Itself. The former 
tend to involve the medial side of each nerve, one after the other, and the latter may be 
either uni- or bilateral. Glioma of the ner\*e is a rare condition : the field changes consist 
of a slowly progressing depression and constriction and are not in any way specially 
characteristic. The field changes due to a precbiasmal tumour between the optic nerves 
often do not show the regular onlcrly progress characteristic of typical chja.smal pressure 
interference from below, but tend to exhibit more irregular defects though still definitely 
of bitemporal hemianopic t)q)e. Blindness of one c}*© with temporal heniianopia in the 
other may result. Tlie course is usually long and progress slow but certain. Occa- 
sionally remissions or alterations in the defects may occur which must not be allowed to 
influence the diagnosis unduly. Cushing believes that in these cases the ncr%’es suffer 
more than the chiasma since his post-operative results relatively frequently showed 
restoration of rision in the eye, which had jireviously had temporal hemianopia, the 
blind eye remaining blind, whereas in chiasmal interference restoration of both nasal 
fields (uncrossed fibres) would be cxp€ctc<l. 

Interpeduncular tumours or tumour or abscess of the frontal lobe, or meningioma of 
the cribriform plate, may affect this part of the nerve without involving the chiasma. 
In frontal lobe cases, as Foster Kennedy and Ulithoff have shown, there may be papill- 
cedema on both sides or papilloedema on one side and pallor of the disc on the other. 
Central scotoma is found on the side of the pallor if this is present, the other field sliow.s 
no change or only slight peripheral restriction with .‘^ome cnlaigement of the blind spot — 
the usual signs present in papillcetlenm due to increased intracranial pressure. 

The Foster Kennedy S5'ndrDme ♦ consists of primary optic atrophy with central 

• noted by TAton P<>1) 
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scotoma on one side and painlloedcma on tlie other Vanations ma} occur The s} n 
drome is common in meningioma near the optic netac and, ulicn combined with 
anosmia and mental disturbance, is almost pathognomonic of meningioma in the region 
of the cribriform plate 

Lilhc found a central or ccntroca?cal scotoma in ten out of fourteen cases of basal 
frontal lobe lesion Tlic scotoma wis always on the side of the tumour Of the other 
four cases three showed liomolateral blindness complete or nearly coin^ilcte, and one 
with bilateral lesions had biKtcrvl blindness The Miotoma is due to the direct or 
indirect effects of pressure b} the enlarged frontal lobe upon the subjacent optic nerac, 
and disappears if the pressure is rclicacd 

Bilateral inferior altitudinal hemianopic changes have been ascribed to elevation of 
the nerves pressing them against the shaqi upper margins of the optic foramina which 
are overlaid b} a stiff fold of dura mater 

Pressure effects due to indentation of the nerves b} Jiardened artencs have been 
described, but do not appear to be of much practical mijiortance evccpting in so far 
us the) ma) explain some obscure cases of simple atrojih) m elderly persons who have 
arterial disca«e Knapj) (221,222) has referred to the value of field examination 
tspeciall) in relation to tlic course of the changes in the differential diagnosis between 
these cases and glaucoma An element of vascular obstniction ma) also be present 
(p 202) More important is the constriction of the iipjicr surfaces of the nerves bj the 
circulus arteriosus or bv the upper edge of the optic foramen when tlic} are forced 
upwards bj a subchiasmal tumour One or both fields maj show defects of inferior 
altitudinal hemianopic t>pe, and signs of chn«ma) interference arc also present 
Butasal Hemianopia 

Binasal hemianopia is hcheved to be due to distension of the tbinJ ventricle from 
increased intracranial pressure causing the anterior angles of the chiasma to be displaced 
laterally and tlius producing compro«sioii of the lateral sides of the terminations of the 
nerves against the carotid arteries Ifcncc its occurrence as an accomixmiment of 
postneuritic atroph) (Cushing and ^\ olKer, 73) Acconhng to LuU (2G7) it is cspeciallv 
liable to be produced m connection with tumours of the wall of tlie third ventricle or of 
the choroid plexus, or subtentorial tumours It mav also be caused bj lianlening of the 
carotid artencs, or aneurisms of both carotids, symmetrical gummata, tabes and some 
other conditions It begins m the lower quadrants and progresses slowlv It is never 
initiated by central scotoma and never appears suddenly Binusal hemianopia is of 
course, not a true hemianopia in the sense of a bilateral field defect due to a single legion 
m the visual path and is usually iircgular and unequal or associated w ith changes in the 
temporal fields Beyond indicating that the site of interference is subchiasmal it is not 
of great value in diagnosis 

Theoretically hmasal hemianopia might be expected to result from svmmetnca! 
lesions on the lateral side of each tract There is no evidence of such causation 

Prognosis — Pressure defects show a pronounced tendency to recovery if the 
cause IS removed before permanent damage istlone and vision may be restored even 
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the fields nonnal until the sncllin^ of the ncr^c head is (lefinite At this stage a pen 
caical defect de\elop3 ^shicli begins ns asligbt enlargement of the iiomial ambl}opic 
zone and enlarges to a scotoma extending for se\cral degrees round the blind spot and 
half waj or even farther towanls the fixation point Its intensity diminishes towards 
its penpherj , where it slopes ^ ith a vaij ing degree of steepness into the unaffected part 
of the field The on^et la usunllj gradual, but wi eert im cases ma) be rapid, and the 
area of the defect corresponds to the degree of owlema of the ner\ e head and surrounding 
retma though not quite so extensive If the adeina extends info the macular area the 
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change tbero soon prwhice slight deprcsston of central Msion in tbe form of a small 
central relatnc scotoma which is more easilv demonstrated at first b^ colour tests and 
presents the rclati\e blue blindness characteristic of a retinal outer lajer disturbance 
A relative ccntrooecal defect mav result Apart from this condition central vision is 
not affected bv uncomplicated plcrocephahc oedema without atropli) 

atrophy sets in the field becomes depressed and concentric contraction 
appears The internal I'Jopters are less affected than thase which he perjphcrall} so 
that penpheral vision fails more rapidlv than central vi«ion (apart from the macular 
cedema referred to above) and in the late stages a patch more or le'^s central m 
position or round the blind spot is the last to disappear In tlie latter ease the earlier 
Joss of the nasal fields mav prorluce a reccmblancc to hmasal hcmmnopia 

Complications due to localised interference consist for the most part of 1 cimancpic 
changes or unilateral central scotoma bhthof! found liomonvmous hemianopia m 
2 7, hcteronjmous (temporal) hemianopia in 1, central scotoma in 2 and ring scotom'i 
in 0 3 per cent of his cases \crvc fibre bundle defects have hceti noted bv Roeime 
von Srilv and others and are ascribed bj the former to accidental special implication 
of a bundle at the disc margin 

The defects due to atrophv following the ccdemi and tliocc due to different kinds 
of local interference mav be present together ami ultimatcl) if the process is continued 
the local mterfereuce changes maj become difiicult to recognise owing to the general 
depression of vnsion and the contraction of the fields 

/ttlerpreMion — The pencaical «cotoina maj be regarded ns depending upon the 
cnormouslj increased tluckucss and opacitj of the nerve fibre lajer immcdiatelj around 
the optic disc At the edge of the scleral opening the retina is also compressed crumpled 
and pushed avrav, so that the area devoid of percipient elements becomes increased 
The central scotoma is due to the macular oMlcma and in sov ere cases maj merge into the 
pericaecal defect TIic«e changes arc mcrclj a result of the swelling and congestion and 
have no special significance it is important not to mistake them for v isual loss due to 
direct interference vntli the nerve path or to commencing atrophj Tlie subsequent 
depression and peripheral contriction arc due to interstitial changes in the nerve which 
while present in the whole cross section of the nerve are ns a rule more severe pen 
pherally, and spread inwards causiing a diminution in the blood supply to the fibres 
Central scotoma other than that caused bj retinal cedema or hemianopia point to 
complications and their characters indicate the situation of the interference wath the 
nerve path 

Diagnosis — The existence of cedema of the nerve and the stite of the macular 
area are ascertained by the ophthalmoscope and the function of penmetrj is tlie detection 
of direct interference watli the visual path and of the first signs of commencing optic 
atrophy It is not alwajs possible to distinguish by the ophthalmoscope plcrocephahc 
cedema from the cedema produced a local optic nerve lesion but mistakes are likel} 
to be avoided if it is remembered that in the former central vasion is never affected 
eveept bv a complication until a late stage is attained while in the latter central 
vision is almost alw aj s involved from the bcginnmg Exceptions to this rule are rare 
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and usually easily diagnosablc m other ways {eg, cedematous disc with nerve fibre 
bundle defect in the field in choroiditis ju^ papillaris) 

The fall in vision due to macular changes is never severe and presents the distinctive 
retinal characters already referred to It should not be confused with that produced by 
commencing atrophy, and in this differentiation perimetry is of assistance as visual loss 
due to atrophy appears first in the peripheral zone of the field where it should be sought 
uliile central vision is still good Careful examination by perimeter and screen, using 
visual angles winch arc sufTiciently small, is required in order that the earliest signs of 
atroph} maj not escape detection If macular changes, direct interference, and com 
mencing atrophy are all present together, care is required m attributing each feature 
to its proper cause, but no great difliciilty is introduced, as a rule, until the atrophj has 
progressed sufficiently to mask the other conditions 

Central scotoma m one field m cases of choked disc Ins alreadv been mentioned 
as a pressure interference, it has also been recorded as resulting from combined retro 
bulbar neuritis and meningitis TJic significance of hemnnopia will bo referred to 
later 

Prognosis — The ophthalmic surgeon is sometimes asked how long it is safe to 
postpone a decompression operation, and in tins connection perimetry is a valuable 
complement to ophthalmoscopic examination Once visual loss duo to post-codematous 
atrophv has commenced, it may advance rapidly, and after a certain stage has beei^ 
reached decompression often fails to prc\cnt further progress to complete blindness 
Early signs of peripheral failure should be sought as soon as the patient comes under 
observation, and the examination should be repeated at intervals using delicate tests 
The ophthalmoscopic appearances and the state of central vision alone do not give 
the earliest indications of commencing atrophy 

In the absence of complications the prognosis as to vision is excellent if decom 
pression is done in tune 

XV. VASCULAR DISEASE 

Occlusion of vessels m the nerve may occur m arteno sclerosis or syphilis, leading 
to a greater or less extent of damage to the fibres Field changes resembling those of 
retrobulbar neuritis ensue and general depression, wide sector defects which may involve 
the fixation area, and central scotoma may be present, or general depression without 
other discoverable features The visual loss may be very severe The course of the field 
defects eorresporids to the onset of the obstmction If this is sudden the case may 
resemble one of retrobulbar neuritis, both as regari^ field changes and ophthalmoscopic 
appearances (cedoma of nerve head), if the onset is gradual the conditions may suggest 
a simple atrophy The field changes, together with the ophthalmoscopic appearances 
and other signs of vascular disease m the patient, who is usually elderly, form the basis 
of the diagnosis A high blood pressure is suggrative, but this is not always present 
In the type with gradual onset the field changes may in some ways resemble those of 
chronic glaucoma, but are distinguished by differences m course Increased mtraoculaf 
pressure is absent but some cupping of the disc may be found (Knapp 221, 222) As 
the blood supply of the nerve fibres may be destroy^ beyond restitution the prognosis 
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Fto 1-13 — VjscntAK DiacAse AFFEcnsa to* Optic XeB?T, 

^ide 6«tor (lefwt mth. wnlral ^cotonu mid penptieni dcpmsioQ »n rewincd field ObjecU A®, g?-? , iVa red. 
^i<ioa a F(ftcenr«t 1 at (J S, 1913 ) 
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Fio 1*4 — Itjtot 

A Fire weeks ftfter injury V = -ft Objects »V»t »is Wet* (S,19J*} 

B inother case, ten weeiLsalWrinjuiy V f Ol^ectagl^ »aV» white and ^J»rfd (P.,1933) Note 
horizontal hemianopia for smaU objects tn both cases 

IS bad and permanent loss of vision results, though some recovery may take place in the 
earlier stages. 

Cases have been reported by Beselm (33) and TJhtboS (430) 

V. TBAOMATZSM 

The neiv'e may be injured as a result of violence, with or without a fracture through 
the optic canal. The most common cause is a blow on the temple often due to a fall 
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Fio H5 — luJUBY More Severe Cases 

A Object* *V(! 8?t„ > ne monlta After injury \ » Finger* Temporal hemivnopic defect (ir.IOMJ 

i3 Objects n'* ff Ten Blini] spot not m«rkci] Two months after injury Sopenor hrmnnopie defect ^ A 
(F 10,3) 
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I eaitiure of base of »lcuU Loss of fewer nisal quadrant 
of field of left eye Objects if^g, jnVn 
led V 5 (C 1032 ) 


from a bicj cle There maj be no detectable fracture of the skull and the most interesting 
cases are those in which the Molence has been apparently Ncry shght Verj frequent!) 
immediate, complete and permanent blindness of the eye on the injured side ensues 
In other cases some recover) of vision occurs within the first few weeks, but an) defects 
which remain at the end of a month or more are permanent In shght cases almost 
Complete recovery may result but some central depression of tlie field may remain, 
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Fia 150 — I^Jtniv to Right Omc >EBrE er *laoT 
Pellet thkocou Ppeeb Lid 
,{, \ S (li\ 19U) 
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Fall from motor cycle \rcuate defect from blind 
apot uto opper nasal quadrant Crntrociecal 
ecotoma ^ } Objects ,^*ii blind sjMt 
scotoma j}, phcral field (Dn 1030 ) 



IVo 151 — iKSTBr Pitoa Fsu. ov Rickt Tewple 
I« op{cf3/oCiJf and if n alfgbtl/ reef nctc'I on temporal 
ede Isoptcr tor if y eUowa extcnsi\o temporal defeat 
Lar^ Motoma for li, \ (M 103S ) 


together fnth pallor of the optic disc The field sJious depression and a more or less 
e>rtcnsive sector defect Tthiclt maj* occupy less than a quarter or more than half of it? 
area Only an eccentric patch may remain Central, paracentral, or arcuate scotoma 
vrith intact or relatively intact peripheral field occasionallj occurs No special position 
or shape of the defect appears to be charactcnstic The defects aarj m intensity , but 
are usually absolute or se% ere mtU steep edges 
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The nature of the field changes indicates that the lesion is in the nerve occasionally 
bitemporal hemianopia occurs pointing to damage to the cbiasma The partial recover} 
leaving a permanent complete sector defect suggests that the cause is not pressure due to 
blood effused into the sheath or direct damage to the nerve fibres but probably the rup 



ture of vessels passing from the sheath into the ner\c substance depnvmg the neivc 
fibres of their blood suppi} The lesion is usually in the optic foramen Iillie and 
Adson have recorded a case with ring scotoma following the development of callus after 
fracture through the optic foramen 

The examination of the fields may be of value in medico legal cases and some 
help in regard to prognosis may be obtained It is unjustifiable to state that the fieU 
is normal even though central vision and the peripheral limit of the field are not beloW 
normal standard unless the positions of the internal isopters have also been examined 
and found to be normal If disproportion is present and the edges of the defect are 
s\oping iurther improvement may be expected but il the margms are steep and the 
white and colour fields in proportion not much more recovery will occur Pallor of the 
optic disc appears in about three weeks and reaches its maximum m tvo months 
Though the field defect may be limited to a quadrant the pallor affects the wliole disc 
approximately uniformly 
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CTTCASMA 

Odr appreciation of the field change which are associafcefl ^ith lesions m^olvmg 
the cluasraa is greatly facilitated b> what is known of the fields in affections of the 
optic nerve It is only necessary to apply the principles already studied to the special 
anatomical arrangements of the chiasmal fibres in order to understand easily the mam 
characters of the field defects whidi depend upon interference at this point Almost 
nithout exception these changes are so t^^pical that they definitely mdicatc mvohement 
of the chiasma 

On account of its situation the chiasma is especially liable to external pressure from 
tmnours and other swellmgs Intrasellar and cxtraselh r g roisd^hs connected vit h the 
hypophysis and infundibulum, b a sal tumours of other kinds, aneunsms of the adjacen t 
bl ood vesse ls, syp hilis of neighbouring structures, a nd trau matism a re among the condi 
tions which may affect it Mu jtiple sclerosis , syii hilis and gl ioma m ay al so affect the 
chiasma itself In all cases visual changes are produced 

The characteristic field defect resultmg from chiasmal interference is bitemporal 
hemianopia , which in its typical form is found in cases of hyp opb}3n) tumour hlany 
\arieties of bi temporal hemianopia us e<Ft^ be described until it nas siioirtr" originally 
by Josefson, that the so called varieties are stages in a progressne process 

Two “types may be recognised, the sco toma tous and the non scotomat ous 

Scotomatons type 

The field begins to aho^\ de pression m the upper temporal quadrant where the 
i sppters therefore move tonards the While this failure is noticeable at the 

penpher} in s uffici ent!) advanced cases, if a med ium size of test^qbject is used, and is, 
therefore, called p eripheral mdentation or “ temporal sla nt fow mg to the of the 
no nnal outward convexi ty), it will be immediatel y recognised, if se\ eral mt etnal isopters 
are exammed whether with j olour or small white testsT ^at practically tlie i^lio le 
quadrant is affected even at a vet) early stage The peripherj m ay appear almos t or 
quite completely nonn alTorartest a s sin^ as^ , while a^tiniteiipp^ temporal quadrant 
d efect is present for ^SometiroesTHiough a distmct scotoma maj not be demon- 
strable^ the more central isopters may show a more definite alteration than those which 
are normal!) more penpheral In the earliest stages the only s ign ma> be a slightupper 
temporal restriction of the isopter for while co lour percep tion m that quadrant, 
e\en for small obiects, is merely d mi^ d It may be necessary to increase the distance 
to more than 2 m and to redu ce the il l ummation m o rder to obt am_ evidence o f 
heml^lip ia In any case the earliest field chan ges ivill be found in the central area of the 
field and not at the penpher) 

Towards the verHcal mendian the edg e of the depression is fairly s harpl) defined , 
and as the defect progresses th^^ge here becomes steep an^ ultunatelyperpeiidicula r, 
but the vertical mendian is not crossed in the up per quadrant Below, the depression 
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slopes more or less loto the still unaffected lower temporal quadrant except ^here there 
IS a scotoma with a steep inferior ina^n 

About tins time the a pex of the upper temporal quadrant shows a scotoma bounde d 
by the vertical and hon2onta I meridians of the field aIo n» which, especially the vertic al 
it IS sharply_defin^ Tins scotoma enlarges upwards to meetthe down growing inden- 
tation and breaks through'to the periphery It also expands downwards into the lower 
temporal quadrant, giimg the field an uncinate or gourd like outline, inth a hook shaped 
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Fjo 155 — BirrMpoRit llEjfusom Cojoie'tcwo PiBipaoui, DBMtEssiof 
ObjGcU iJif. ^3 Also jjS'T ^ (dotird lioe) In tbe left Held ibe central depression u shoirn better 
for colour than for «mte temporal slant appearing R\ ,LV | Fire years after commencement of gland 
symptoms acromegaly (0,10(3) 
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jiroccys extending temporally and upwards below and around tlie temporal side of the 
blind spot. The lower qua drant then fails pcnphor'dly below, its isopt crs _bccomo 
indente d, and the sTotomin ireakal ^irough, isolating the t emporaLjia rt of t he hook- 
shnped process, and thus produc ing the temporal island (Figs J02, 103, etc ) 

There is now a hemnnopic scotoma intli a straight edge on the vertical meridian 
and a roinidcfl temporal margin extending to or enclosing the blind spot, while the 
remains of the tcrapoiul field, the tcm[)onI island, be partly on and partly below the 
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horizontal meridian beyond the blind spot The defect now advances across the vertical 
meridian into the lower nasal quadrant, which fails from beloii upwards, while the 
scotoma invades its apex The temporal island becomes gradually v, eaker, but can often 
be demonstrated until a late stage if a large enough object is used Finally, the upper 
nasal quadrant becomes depressed, the scotoma extends into its apex and its last remnants 
usually occupy a rounded patch rather neater the horizontal than the vertical meridian 
(Figs 156, 157, 104, 165, 168, 171, 172) Thus the field changes progress regularly 
through the quadrants, clockivise ui the right field and counter clockifise m the left 
These changes alwaj s affect both fields, though always m different degrees, so that one 
field presents a more advanced stage than the other The disparity may be small, or so 
extreme that one field appears blind wlule the changes in the other may be so <?l]ght 
as easily to escape observation unless the examination is exliaustive The defects are 
relative, becommg denser, as the condition progresses, and the margins are sloping at 
the part where advance is occurring As a result of this slopmg edge, it is usually 
possible to obtain an outline showing loss of the whole temporal field alone if a suitable 
size of object is selected, but the true nature of the field changes can only be shoivn if 
several objects are used The information obtained from the use of only one object is 
always inadequate and may even be misleading 

The progress of the defect appears to halt occasionally, the chief pause occurruig 
when the temporal fields have practically entirely disappeared while the nasal fields 
are still relatiiely intact, so that with a test object of moderate size a complete bitem 
poral hemiauopia is found A second halt maj occur when the temporal field and the 
lower nasal quadrant have disappeared leaving a fairly clean cut upper nasal quadrant 
with steep edges Sometimes, when the progress on both sides is approximate!) equal, 
\ery symmetncal fields result, the two nasal halves or the two upper na‘?al quadrants 
remaining but this is a relatively uncommon development 

The same changes take place in the colour field Defects for colour are often 
found before those for white, because colour isopters, with the size of object usuallj 
employed, are mtemal isopters and m depression of the field the internal isopters show 
alteration in position early, and, secondly, because a true disproportion may be present 
It may be possible to sliow the progressive variation in peripheral visual acuity in all 
four quadrants in the typical sequence m one or both fields at the same sittmg by a 
careful colour test Thus red may be unrecognised m the upper temporal quadrant 
and only family m the lower, fairly well m the lower nasal and quite distinctly in the 
upper nasal quadrant 

The behaviour of the scotoma is very similar to that of the peripheral field The 
defect commences m or near the apex of the upper temporal quadrant and may extend 
as far as the blmd spot before it invades the apex of the lower temporal quadrant It 
then affects the remammg quadrants in the same order as the peripheral changes If 
when first seen it is found to occupy the apices of several quadrants, a progiessive 
diminution in intensity in the same sequence is usually easily demonstrable by quanti 
tative analysis The intensity of the scotoma may be lery slight m the eaily stages, 
but increases as the condition develops In shape ^e scotoma as a whole may be quad ^ 
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rantic or liemiauopic, or it may be round or centroccccal, onl} shoiving its special 
characters on analysis Ker\c fibre bimdle defects also occur, arching from the blmd 
spot to the vertical meridian ^\he^e thej are sharply cut oS The fixation area is very 
frequently vertically divided by the edge of the scotoma, or it may be completely Mathm 
the scotoma In the latter case the aertical and horizontal meridians passmg through 
the fixation area may still bo defined by quantitative analysis, since the intensity of the 
scotoma a aries in the different quadrants In other cases, even m an advanced stage, 
when only the upper nasal quadrant remains, the fixation area is spared This sparmg 
may be present only for larger visual angles and absent if the test object is small or 
coloured The sparmg may be greater in one field than in the other, or absent m one 
field, and as the case progresses the sparing usually disappears 

Non>scotomatom Type 

The field changes are sinular, but the scotoma is abse nt In this slowly advancmg 
type the earliest changes are best studieiT It' may be impossible to elicit any pen 
pheral depression for either white or colour, the only demonstrable alterations bemg 
within the 30® circle Here it will be found that th e isopter for docs not encircle 
t he blind spot , but leases i ts upper pa rt bare, as it w ere, an d is d eflected inwards m 
the upper temporal cuudra nt It may or may not be possible to elicit corresponding 
changes for colour w itb certainty , as the patient m ly find greater difficulty in giving 
a deffiiite response than when white is used (Figs 154, 158, 150) 

This early change may bo in one field only, and may be inconstant, disappearmg 
and returning again 

As the condition progresses the iloprcssjon of the upper temporal quadrant becomes 
esident with testa such jis and white and ^ red and progresses gradually 

downwards m the temporal field The fixation area is spared and central vision by 
Snellen s test remains good Tlic defect often does not progress into the lower nasal 
quadrant, and may only partially affect the lower temporal quadrant, so that only 
the earlier stages are attained As a rule the same type of change is present in both 
fields The non scotomatous ty^pc may change to the scotomatous m some cases and 
the two tyqies arc not rigidly separated 

The changes described may be regarded oa the typical or regular changes which 
result from mterference with the chiasmal ncrae path from below Nimietous varia 
tions occur both in the order in winch the quadrants are affected, and in the symmetry 
of the two fields The upper nasal quadrant may be affected at a relatively early stage, 
leading to a somewhat irregular horizontal henuanopia, or both the upper and the lower 
parts of the temporal field may be affected together producing a general temporal 
restnction, or diagonally situated quadrants may be chiefly attacked 

In an important group the defects may begin in the lower temporal quadrant, 
often by a scotoma in the apex of the quadrant which breaks tlirough below m con 
junction with an mdentation in the lower temporal periphery, leadmg to an inverted 
uncmate type of field 
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Obj«U R sJj.jIb- , lt,rtHl(dottedl«ie) S L.% A Right field showibcomnopi* 

forcoloaroaly «nd s temporal ulind a{*o s iligot tfepnagnm in th« upper quadrant /or iL TheMt field <hov« 
an upper nasal quadrant and a dim temporal island for a larg« object ( A'l,) Interference at left antenor angle of 
ehiasma at medial awle, more adraneed than I5fl ^erooi^alj' a Wnt ifeadaefie /our jcart, rwaaJ Jo«* 
one year. (R d , 1923 ) 

Xot infrequently these atj-pical forms become modified, as the condition progresses, 
into more characteristic varieties, and combmations of typical and atj^iical forms are 
met with occasionally. Gradual, rapid, or sudden alterations in the distribution or 
character of the defects often occur, and considerable variation in central vision is not 
uncommon. A bitemporal homianopia may become homont-moits, the temporal half of 
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Tio 150 — llrrEUFOAAi. llRsiUNom, Ko’5«coTOiUToira Type Left Fttli) shows )Iai>EaATEi.T Astasoeo 
Stack , Rionr, Early Chasoes Acboueoaly or foyrtkey years’ dcratioy 
Objects, left 5 ^ 5 , jIo red (dotted line) Right, jjr. jis. aAr* RV, LV. J. (Hi., 1012) 
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Rq. 1(50 — ^Tue sasie case as Fio. 160 scte^een years later, (Hh., 1020 J 
a« 9^1**'** sSs'sls^aAfl 

L.Y Objects sle.slo red (doited lute) " 

l^otc t&o Almost stationnr; eonditioB of the fields orer * long penoii The fall in ruioa ts dne to retinal disease 

one field recovering nliile tLe nasal half becomes affected, a change sometimes associated 
with a halt in the j>rogress of the defects and an improvement in \dsion in one or both 
eyes. Practically any combination of stages or forms may be present at one time in the 
two fields Rnd the difference between the fields may bo extreme. Total blindness on one 
side with a heminnopib or quadrantic defect in a -very early stage in tl^e opposite fiejld 
may be found and may easily be misinterprcted, or^the slight defect may escape 
observation. In the later stages the typical development may he greatly raodififjd. 
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and the ultimate picture mi) be at^jMcal in one or both fields A final remnant raav 
be present in one Io\\ er nasal quadrant, and s} mmetrical retention of both lower nasal 
quadrants, a great rantj, has been recorded bj Hirsch (182), and, in a case of injury, 
by Liebrecht (247) 

\\iien recover) occurs, as for example, following a successful operation, the field 
changes regress in the same w a) as the) advanced The process ma) stop at any stage 
according to the amount of irreparable damage done When the field finally appears 
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R \ L a Olaad s;mptomd nun n al 

ObjKt* R jjff rediytftdottfdJjDf) L. ,i, jJ, wd sVi (Pe. lO’O 


to be quite normal it is often possible to detect a slight inward deflection of the isopter 
in the upper temporal quadrant exactly similar to the signs found in the early stage of 
advance 

It will be evident from the manner ni whicli tJiese field changes develop that they 
cannot be detected in the early stages, and will not be adequately demonstrated at an) 
stage, unless more than one size of test object is used including, especiall) in incipient 
cases, a verv small object such as ^ or a small coloured object 

hilerprelation — The stud) of chiasmal field defects affords the best introduction 
to the principle of anatomical interpretation based on the fascicular architecture of 
the Msual path In the optic nerves the fibres from contiguous parts of each 
return he together, and bilateral field defects are the expression of separate lesions and 
lia\e individual and independent features At the chiasma the crossed and uncrossed 
fi bres fhe n interming led , and finall) regrouped into the tracts The 

vv idcspread arrangement of the crossing tibres flanked b) the direct buiuiles nialTes the 
chiasma tlie onl) place where a smgle point of mtcrfereiice can produce bitemporal 
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Fio 162 — UnE^rpoEAL HEuiANoriA, Well-devhoped Cbasoes, especullt por Cou>ub Cevteoc ecai. 

Scotoma, Spixmsq orr or Temporal Isla’id, Complete IIqiiaxopu por Scttabw Osject 
Objects s'csIri j'fli Acroraegsly fotip years After onset of g[snd symptoms RV ^ LT A 

(^n.5/4/U) 
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hemiano pia, and the complicated fascicular crossings enable a smgle lesio n at different 
parte to p rocfuce various combinations of field defec ts For the same reason it 13 unliSety 
that even a minute lesion, if in the chiasmal body, will cause a defect liimted to one field. 
A median lesion involves both crossed bundles, and a lateral lesion both crossed and one 
direct bundle. Nor can the macular fibres be easily affected alone, so that bitemporal 
hemianopic central scotomata are almost_always_acconipanied by some surroundmg 
defect. The fibres from each retina preserve their original relationships at this level. 
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Jio IW — A”**! V8ia or Til* ScoTovt f* THB Fio IM—Tns l.trt Fitun or Tn* »*«* ri8* 
UiCHT }i*Ln or f'lo liVl T«ovo'<Tn9UTin.inowi'ioTYmALCiu«flM 

AbaoluW dfoloma for jjf. ulni.". too clrtinr to OI jwU »Ya* A*»» »iii “ I'o 1*'* neht 

kiuktyte SrikII nivot «lr^r>t fur vhitc, err wsa •lmn«i rumpirtrijr lima at thii limr 

Urprr in lowrr nuol oua<(ranl HrreUtu>|H<< (Un,IOf)i|S} 

«rntnl Jef«t fur rw (JoIIkI Imr*) in wkifh 
ml vM omoTe in uf[rr part (hontonul 
•hadm;} •wl jvlJuw in Jowrr imrt frrrtjraJ 
•hadios) (\\q,{1;o/120 



>10 ICO — The baxb c49b rrx yeam latch. 

AliDoAt complete recoTcrj of ]«ft field vtiuli ibovs only ttie rAtlirrt stape Object* rAx • (ASs ^ed 

V. ■=■ { The right fiilJ rhona nAAnl lirmisnopta trith renttal defect Objects stg, jjn. V. *= lUnd more* 
nents Thechange to homonymous heminnopis occurred t«o month* after the date of > ig 163 by the reappearance 
of the right tftnpora} »nt} complete I<k* of tbv fight ttatalSM ) 


excepting in so far as the crossed and uncrossed bundles are separated, and those from 
corresponding points in the two retinae have not yet come to lie side by side. T^us the _ 
characteristic features of chiasmal field defects depend on interference with more than 
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one fasciculus, 'which can hardly be avoided even by a very small lesion o\ying to the 
intermingling of the fibres, and the defects vary in extent and intensity in the two fields 
according to the way in which more or less of the fibres of the bundles concerned arc 
aficcted. 

Bitemporal heraianopia indicates an interference with the crossed fibres from both 
rctin®, and, therefore, a lesion in or near the median plane affecting either the medial 
sides of both optic nerves, the body of the chiasma, or possibly the medial sides of both 
tracts close behind the chiasraa. A tumour growing between the nerves usually affecte 
one before the other and produces a unilateral temporal hemianopic defect which may 
exist for some time before the other field is involved. Then as the crossed fibres of the 
other nerve become involved, slight temporal hemianopia appears in the otlier field and the 
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Fio. 107. — SiTcsiroiui. He>lIA^01■u. Tttical Fieles a Moeebatelt Asva'^ced Case. 

Hypophysial tumour iTUhoTitscrom«gal7 Oaration one year ObjecU^'V, gSr > aigred RV | 

(J, 11 ( 8116 ] 

original defect progresses to blindness leading to a tjyical condition : — blindness of one 
eye ■with temporal hemianopia in the other. The third possibiUty is more theoretical 
than actual as a tumour or otlier lesion between the tracts would require to exert its 
influence towards both sides but not fon^nrcls in order to produce bitemporal hemianopia 
from tractinterferenccalone. Whether this ever occurs is not knoivn, and does not seein 
probable ; tumours in this position usually cause homonyTnous hemianopia passing on 
to blindness of the eye on the side opposite to the originally affected half-fields, since 
complete blockage of one tract is followed by interference ivith the crossed fibres of the 
otlier and the chiasma becomes involved. 

iVs a rule a median tumour presses upwards beneath the chiasma and between the 
nerves, then as it enlarges further the main groivth is between the tracts, tipping the 
chiasma forwards. The chiasma may be stretched over the surface of the tumour Or 
may be canted into an almost vertical position. At first fibres from the middle and apical 
parts of the lower medial retinal quadrants are attacked. On anatomical grounds 
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Flo Iflw HrrcwfofUL HcKUNom. TE«»frT*t. Snoc? irEor’Uffyo 
Tht lover iiMil fiel b Are grtutu-^lly ihrmbing upwards Temporal field p»rtlj present on left ti le (or a l*r^ 
ob;ee| Aenmeqitif 
Objects It |V«> itli !«'••• '* »*« 

|V«« ill* llfi ^ 

SamecMcashs 15t three years Uter (0,15/3/10) 
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Object). 1 1 „ I ) • Sicne s cry dim SKimi for Isrce objerta etlli prcxent in temporal fid U It V t <*< 

Same care a» J 07 fire jenn Ister J’tlirnt died two years later without notable further efttnee in the fielli 


it is clear tliat any inctlian interference from below \nll involve both ficts of cro'sted 
fibres, and tJic more tbe jiosterior edge of the cliiasina is afTected the more prominent 
will l>e the scotomatoiLs character of the field cinnjies. The fibres from the upper medial 
retinal quadrants come next in ortler, presumably because they lie superiorly in the 
cbia«;ma. The spanii" of the temporal jsLmd is a xcry chamctoristic feature in tumour 
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cases and must have some significance. It seems justifiable to assume that the fibres 
which are represented by the temporal island do not lie among the crossing fibres which 
traverse the centre of the chiasma, but probably more laterally in the neighbourhood 
of, or mingled vith, the direct fibres. The presence of the temporal island with com- 
pamtively intact nasal fields indicates that the site of interference is approximately 
median, for were the crossing fibres bloclced where they are laterally placed, the direct 
fibres would suffer also. Ultimately when the chiasma becomes practically divided 
antero-posteriorly, the island disappears, and b3* this time the superior direct fibres are 



To illaatnite Antero-postmor iplitting of cbiAsnu by • Urge centrally placed tnmonr whoic coatiDoed upward 
growth docs not foitocr sQect the nasal fields The tumour u seen from in front with the remains of the chiumsl 
body, slightly exaggerated m the drawing, stretched srross its anterior surface Partially degenerated nerve 
fibres were found crossing the front of the tumour. (Xstnral size ) 

showing signs of impaired fmiction. The chiasma is now much distorted, the crossed 
fibres are apparently entirely obliterated, and the uncrossed bundles lie at the sides of the 
tumour comparatively unharmed. 

The temporal island is found in bitemporal hemianopia from various caiwes, and 
its presence appears to indicate tlie chiasma as the site of interference- It is apparenth' 
absent wheii the lesion is prechiasmal and affects the medial sides of the two ner\’es, 
presumably because the crossed bundle is not \%idely spread out in the nerve as it is 
in the chiasma, but in the present state of our knowledge it would be unwise to interpret 
its absence alwaj’s in this way. 

At this stage, when the temporal fields are practically blind and the nasal fields 
not j’et seriously affected, a halt is apt to occur, and it might be supposed that the 
tumour had ceased to grow. Good central vision ma^' be retained on one side if not 
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Fia 171 — niTCvroaAL lleuu'coru Late Staoes 

P*rie ca*c m Fi. Iw f w jwrs l»t« one ycTr later than Fb lOS Conimuftl al nnka^p of left fell 
aome raprerement in n*ht Ubjreta jig jAe 1^' l*« LV (H 53 /I7 ) 
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ilQ I*' — lirTEMKRAL ]{x>IUXOm luTE RtACES \TYriCAL TrnHIXATinf l-r O'tt 1-IEtt) 

\rry d m lo«rr naeal quailrmnt m Irft frill Ulqert a*{g ^ e* band mnicmenta 

Typ ol Utr atARra In n,ht firl I objerla -Yo aJa s)g aJe ml (dottfd I ne) \ = count ns rngrra at 
J m. iour years after rommrnrpmrnt of jtlandnUrayTOptoma (w jrti (Jls )D 4 ) 

on both, nnd the nataJ fieJds rennin rehtnel} intict, hut the other sjmptonis, such 
a-? Iicadflclie, persist ^^lnt nctuill) happens is tliat the tumour, having split the 
chnsma nntero postcnorl), grows up into the brain The uncros'sed bundles continue 
along the sides of the tumour comjnrativel^ unharmed into the tracts and the crossed 
fibres are non existent, though their remnants ma) pomctimcs lie traced across the front 
of tlic tumour Death maj occur with the fields stili in tins st ite 

The failure of the tcmponl field from above do%\Ti\\ards is not difficult to under 
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FiQ 173 — BmatPORAi. HcMUKoru tesuisatoo Homoxtmoctlt. 

IJpp»r nasal qnadfantremAining in left field ; objects ajg. niW V, n Fioi'era at 4 n Upper temponlqasdrant 
remnant m nght field objecU s*A V «» perception o( band movements Eighteen montos after onset, 
acromegaly not preaeot. (W S c , 19ii ) 



Fxo 174. — BrtEiEpoBAL IlEiaA’sonA. lursTEATmo SpONtasreocs Recovert dt Htpophtsiai. Titmoob 
A Field of L.E showing depressjon and centra] defects Penpheiy for s%^. Retained area in lower temporal 
qnadiant for jIo Cwtral acotomatous area too defective to m easilj analysed. V' = r*j. 

B Three months later r Field normal for j*«, and defect for and smali scotoma for 

The field of R E. showed a typical tempera! hemianopia and recovered also veiy considerably, bat not so much 
as L Eighteen months later both fields were very defective and the patient ultimately became blind Same 
case as Fig 172 (Hg , 1920 ) 

stand m tte case of a lesion advancing from below. Tiie explanation of the upwstrd 
failure of the nasal field is not so evident. Possibly the superior uncrossed fibres fail 
first because they lie more centrally in the chiasma, or possibly they are not affected 
in the chiasma, hut farther forwards on account of pressure on the upper surfaces of 
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Fic 175 — Biteupobu. HtMUfom Befok* Opbbatiov 
RV j LV^ Otijeeti^Sff Pronounced upper quidrant defect* (S,1033 ) 

El CB 



nv 5 L\ ? Objects,^, jTjijni Only trace* of upper temporal quadrant depression remain (S, 1933) 
tompara with Fig M 


the ner\ es by the vessels of the autenor arcli of the circnlus arteriosus * (Lillie 253), or by 
the fold of dura covering the iDtracraiiiaJ end of the optic foramen There is considerable 
evidence, however (McConnell and Mooney 270, Jefferson 207), that the affection of the 
lower nasal quadrants occurs independently of indentation of the upper surfaces of the 
optic nerves The causal lesion need not be a tumour and there may be no indentation 
of tbe nerves The presence of the peculiar sequence of the field defects at an early 

• But see Hirsch (18’) Case 7 Hero the upper aurfaees of the nerrea were deeply indented by the arteries bat the 
loner nasal quadrants vcit pruerted 
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FlO 177 — BrrcVPORAI. HEUUKOm from SpFEASELtAS CvsT 
The light field was too defective (o chart aceurtteJy the field for 6 large object vra* approximately aa shown 
the l«st Msioa being retained in the upper d»m 1 quadrant \ H M Jled a dotted line ^ broken line 
In the left field there waa complete temporal henuanopia for ^5 red with a lotrer temporal quadrant defect for gl, 
white For a larger object (s|s) a wedgC'sliapcd defect was present in the same quadrant Objects TiTr, .Cn 
,t,<li«d (A S J&27) 



Defect more severe ID lower temporal quadrants From a case of suprasellar cyst B t J L.V A Objects 
ssTE 'siff and red (nasal fields only) The hemianopie aeolomata were defective for an (darker 

areas) Field for (n left eye omitted (O ) 


stage, whether the Jesion js a tumour or not^ suggests that these uncrossed fibres are 
affected in the chiasma and that the sparing of the lotver uncrossed fibres until the 
last stage is to be attnbuted to their blood vessels being sheltered in some way so that 
normal circulation can be maintamed amongst them longer than in the upper group 
It maj be justifiable to infer that in the cluasmai bod) the lower uncro'?sed fibres lie 
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Objects E 5^7, jtftrs sioir red (dotiedliiw) L ,fg Scotoma jJJ, jJJn P \ I Same 

case as Fig 172 four years previously (Hg 6/j/20 ) 


laterally m relation to the upper uncrossed fibres, a Biimiise which, if established, might 
explain some of the atypical cases 

The mechanism of production of the field defects has been the subject of three 
hypotheses pressure, traction, and the action of toxins Of these by far the most 
attractive is the first, provided that it is understood that the pressure acts not directly 
on the nerve fibres but on tbe blood vessels, by impedmg the venous return and by 
producmg arterial ischjenua Purves Stewart and Riddoch have shown that this 



CHIAS5IA 



it v!T K>cu aSs. sf 5 *1”^* ’AlVr“““’ 

LV.J. Obj«ta ,^a. n<«» sJSb* la^ (S,lv3i) 



r.o IS'-BrromuinoOAvori.n.oal'.-nustu^Traoc.. 

.h.n^ » .h. „«h. <i.,a "'■* ' 

th<» apparently normal field. K' tj I' ' I ^A,1J-) 

iroccss is the essential factor in pressure on the spinal g™p pro'™ 

lie features of chiasmal pressure interferenee on any j ,„th 

loulj enable a rounded surface like that of a tumour o P' ° q I hi-pothesis 
.loping edges uhicli recover rapidly uhei. f = f--!™ £,:,f ;i?ron? of 

the production of clean-cut bitemporal hemi P , . , j | „ the resorahlance 

invoking a “ knife-edge ” form of pressure can be ^plained and 
between the eficcts of pressure, innammation. and tmumatum, ^ 
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The significance oJ the scotoma is of mterest It is present m inflammator} case; 
and in tumour cases when the growth k more or less active , it is absent when the 
tumour is of slowly gtoving or practically stationary type as in chronic or “ benign ’ 
acromegaly It is possible that it is the activity of growth rather than the site of th( 
interference which determines the presence of the scotoma, but at the same time we mus1 
lemember that the more rapidly growing tumours may originate in the hypophysial stall 
or, if intrasellar, enlarge the sellar orifice above, and press up against the back of the 
chiasma where the central fibres cross According to Jefferson (207) bilateral scoto 
matous fields suggest prefixation of the chiasma and the presence of a large tumour 
Inflammatory processes such as gummatous meningitis also tend to involve the bach 
of the chiasma When the tumour is intrasellar and slowly growing the dorsum sella: 
IS not eroded but thinned and expanded, and appears elongated upwards, and the 


13 a] 



tumour enlarges more in a forward direction Many intermediate and varjuig modes 
of growth occur, and no doubt, account for the different degrees of prominence of the 
scotoma m individual cases and at different times in the same case 

Diagnosis — In the diagnosis of the presence and cause of interference with the 
chiasma in relation to morbid processes in its neighbourhood, the assistance afforded 
by perimetry is of value chiefl} m two groups of cases Tirstly, those in which visual 
loss attracts the attention of the patient before other symptoms emerge Such patients 
apply to the ophthalmic surgeon and exhibit well marked field changes, especially 
centrally, which frequentl) provide the first evidence of the true nature of the condition 
The perimetric evidence is of greater importance in those cases in which the radio 
graphic exammation is negative, and often provides the only mdication of the nature 
of the disease Manj of these c^es are misdiagnosed or madequately diagnosed and the 
patients are subjected to unneeessaij exploration of the nasal sinuses, extraction of 
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teetli, and other measures, when a tliorongh field examination would have indicated 
the true solution. Secondly, those in whicli symptoms suggestive of altered endocrine 
secretion or intracranial lesion have been found by the physician, and it is desired to 
know whether, and in what way, the visual path is affected. In these cases early field 
defects imnoticed by the patient may be found. Smce the effect on the visual path is 
produced by actual contact, cases of hj'pophysial enlargement do not show visual symp- 
toms before they show sellar changes, though suprasellar growths produce visual defects 
at an early stage before radiographic changes are evident. The perimetric evidence here 
supplements the radiograph and gives a hint as to the extent to which the swelling is 
elevated above the nonnal level of the diaphra^a sellre. 

Pallor of the optic discs usually appears slowly and in coimection mtb well -developed 
field changes. When these are very slight it may remain absent. 
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Objffcts, nV li.V, »sh 8 n<J movement' The iithmus in Wt field js very dim for 5 J 0 

(Wnn , 18/10/15 ) 

For the cimician various questions arise : — ~ ‘ 

I. The localisation of the interference, 

(a) Localisation of the interference at the chiasma. 

(b) The part of the chiasma affected. 

II. The cause of the interference. 

(а) Tumour. Size, rate of growth, nature. 

(б) Causes other than tumour. 

We may now examine the extent to which perimetric findings can help towards the 
solution of these problems. 

1. The Site ol the Interference 
(a) Localisation at the c^a^ma. 

If changes are found which suggest a temporal contraction care must be taken to 
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ascertain its true nature It }ias already been jiomted out that uniform depression of 
the field produces an apparent temporal restnction owmg to the less steep slope of the 
temporal side A field change of this kmd shows no evidence of quadrant depression, 
and if thoroughly examined ivill show some concentric restriction of the nasal isopters 
also In suspected cases, where there is no scotoma and the peripheral changes are 
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Objects jjg S<»nedioinsonit Uinlov«rn$bitcn>por»l4)aad»nt (or (ilotte<lftrM) [Wen 20/11/10) 



Im isr — ToiouaMHiCB CAtSEO Fnxo C hanges 8 o»\ IV Fic 18- gth natural gize 


slight or atypical it is not possible to be sure that true bitemporal hemianopia is present 
unless the internal isopters show the characteristic temporal deflection while at the 
same time they occupy their normal positions in the nasal field Tlhe neglect of this 
criterion led to the misinterpretation by some observers of the ^Id chang es found 
sometimes in bilateral retrobulbar aeuntis and la conditions such as nasal sinus disease 
and pregnancy In more developed cases the field changes already described are quite 
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Fio 187 — HoaoxTOocs IIesiusoma moM I isio-s it Left Aktebiob \».ole or Cmssu O"? Lateral Sirs. 

(OrigisBlly regimled aa a tract Icssoo ) KjpopMaul tumour ni(h sjmptoiLA {or about two years 

Objects . rsVa— . •«««) L »y,—, gj* jo’/r ilV,L\,J + 

Fronuusced ucoogruity Tbs ngbt field u almost normal but for some depression m tbs upper lateral quadrant 
The retained temporal field of tbc left eve is depressed as u shown by the eontrsction of tbc isoptcrs (Be April 
10 ’ 4 ) 


[H H] 



The merest trace of betuanopia rvmsiss ;□ the ngbt field, shown by sl^ht depression for red riSir Vt the upper 
lateral quadrant 

The left field shows increased central depression bnt minute central field for gl*s remains 
Objects It sis, gTT, > gleg red (dotted line) L gVorlo •>'fv>TvVs (Be , 1924 ) 

definite, and no mistake can be made In order to establish the real nature o£ these 
field changes a ^ide range of visual angles must be used The apparently normal 
parts of the field should be tested with angles langing down to (I 7'), and the 
apparently blmd parts with angles up to or larger if required Colours may also 
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The left eje is noir blind The right field shows a trace of hepiianopia in the central area and some contraetioa 
of the temporal isopters shown hy the large s ze of the objects leijuircd 
Objects ^\ii — .xVj- ?5ir» red fdottof lino) 

The left optic nerve is entirely blocked and the crossed fibres of 1J e right optic nerve are all affected (Be 1028 ) 
Two years later the right field both central and penphenl had improved 


be used m a similar way, or the room may be darkened if thought necessary This 
kind of examination always shows that the cluaamal fibres are much less severely blocked 
or much more widely affected than is indicated by a single test with a medium size 
of object, and it also removes any difficulty which may occasional!) arise in the recogni 
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Fio. iSI — BrmifoaAL H^l£U^om 
Right field regular Ohjecta tVo ti(« t)c ^ •• 

Leit field irre^nlar Large tcotoma breaViog through dovowaniU aod temporaU^ Objecb fi„ V. J 
The dotted parte indicate areas where the test object was dimly seen. 

Symptoms one year Acromegaly not present (A . lOii ) 



Fig 102 — Bitexpobsl Hdiu'copii Type with Labce Scotosu 


R V = 3*1 L.V 3s hand moTements in nasal field Objects left, iVc> right, iVe, t 5»> ris» eVre Eight 
months’ dciraCion, acromegalj not present Radiograph of eeita normal 

tion of the bitemporal character of the field changes and enables misinterpretation to 
be avoided. 

In tbe earliest stages the field changes may be so slight as to offer difficulty 
satisfactory demonstration. The statements of the patient with regard to the presencje 
of a blur or mist, especially in connection with reading along a Ime of print, indicate an 
exhaustive search for an ^xplana^n., No peripheral changes may be demonstrable. 
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The variation in perception in the difTerent quadrants is verj characteristic though 
not alwaj s present m a high degree and occasional!) absent or at least undemonstrable 
It IS usually easil) shown on the screen if two or three small white tests — sometimes only 
one — are used or if not clearlj elicited with white a coloured object preferabl) red 
ma) be chosen The patient will say that a red object appears red on one side of the 
field and } ellow on the other or that it appears as white yellow pale red and bright red 
m the quadrants in the sequence already described if the case is t) 7 )ical and regular 
In the earliest stages of the scotoma the object although recognised as red m the apex 
of each quadrant appears of somewhat different shade or tint m the affected apex 
These features ma) be referred to as the '‘-qfiadrant sign of a chiasmal lesion The 
test should be made quid ly and the patients first impressions ascertained for if this 
form of exammation is prolonged the colours become known and in weakl) marl ed 
cases no difference may be perceived between the quadrants or fatigue may cause the 
colour field to shrmi to minute dimensions 

The presence of t)'pical bitemporal defects whether central or peripheral indicates 
a chiasmal lesion The absence of such defects in cases m which a lesion such ns a 
tumour m the neighbourhood of the chiasma is suspected on other grounds is no contra 
indication it mcrel) shows that there is no interference with the chiasma Xho 
disco\ cry of a unilateral temporal defect should always be followed by a minute exnmina 
tion of the opposite field II the defect remains unilateral or doveloixs into a 
homonymous hemianopia it is evident that although the lesion may bo near the 
chiasma this structure is not affected Since the changes m one field are alwd) s more 
advanced than in the other it ma) be presumed that m the earliest stage one field only 
IS affected but our knowledge of the earliest field changes in chiasmal lesions is still too 
incomplete to allow such a conclusion to be regarded as established VTlm earl) affection \ 
of one field alone is often due to the incidence of the interference being at or near the \ 
junction of the chiasma with the nerve or tract rather than m the body of the chiasma ( 
A prcchiasmal tumour situated between the optic nerves may give rise to a unilateral 
temporal hemianopia becoming bilateral later on or to blindness of one field with 
temporal hemianopia in the other and it is possible^Iiat the absence of the temporal 
island ma) be indicative of a lesion in this situation As already pointed out the 
existence of bitemporal hemianopia due to a post chiasmal lesion affecting not the 
chiasmal bod) but only the medial sides of both tracts requires confirmation 
\.® Jo what extent do the fields indicate the part of the chiasma affected t 
If the view is accepted that the field changes are produced by obstruction of the 
circulation it must be remembered tl at iii the case of a tumour for example it is not 
the position of the tumour but the position of the damage to the circulation which is 
indicated Factors such as the course and distribution of the vessels and the relation 
ship of surrounding un)ielding structures as well as the position of the tumour lelp 
to detcnnine the actual site of the conduction interference For this reason too much 
reliance si ould not he placed on inferences from the field changes as to the exact site or 
position of a tumour or other lesion though on the whole the) mav be regarde 1 as a 
trustworthv guide to the point at which the nene fibres are affected 



CHIASaiA 


233 


The relation of the field changes to the site of interference may be considered in 
relation to the fibre architecture of the chiasma (Plate "V), 

^1) "When the interference is median the typical features of bitemporal heraianopia 
as described are produced. There is reason to believe that in cases in which th^cotonia 
is prominent the^incidence of the lesion is relatively posterior, as the macular fibres 
occupy the posterior part of the chiasma. 

nJ 2) Owing to the way in which the crossed fibres from both eyes are spread out over 
the whole body of tbe chiasma, a laterally placed interference will involve the posterior 
crossing fibres of the same side and the anterior crossing fibres of the opposite nerve. 
At the same time the uncrossed fibres on the side of the lesion will be severely affected 
while those of the opposite side will escape. In this way it is possible that aU’pical 
fields of the diagonal crossed quadrant bemianopia variety may be produced. If one 
entire half of the chiasma is blocked h om olateral blindness ivith^contralateral temporal 
heinianppia_resultsj but homonymous hemianopia is not produced by a lateral inter- 
ference with the chiasmal body. 

IVhcn the interference is at one of the angles of the chiasma the incidence may be 
from the medial or from the lateral side. 

lesion at the anterior chiasmal^ angk extending laterally from its jnedial 
aspect causes temporal hemianopia on^be side of the lesion followed by temporal 
he^nianopi a on the opposite side when the lesion has become large enough to pxtencl 
across the median plane so as to involvebhe crossed fibres of the opposite nerve (Figs. 156, 
158). Further progress leads to blinjiness on the side of tbe lesion, os the uncrossed 
fibres become involved, with temporal hemianopia on the opposite side. 

N(4) If the incidence is from the lateraUide of thc^nterior angle the uncrossed fibres, 
along ^Tith some of the crossed fibres from the opposite eye (anterior loop or loiee of 
crossed fibres), are affected, giving rise to a nasal hemianopia on tlie side of the lesion, 
mth a slight temporal defect in the opposite field, an unequal homonymous hemianopia 
(Figs. 187 — 190). As the angle of the chiasma becomes more deeply affected blindness 
on the side of the lesion with relative temporal hemianopia on the opposite side 
results. 

V (6) A lesion at the posterior chiasmal angle, if on the medial side, gives rise to 
temporal hemianopia of the opposite eye, followed by nasal hemianopia on the side of 
the lesion as the uncrossed fibres become implicated. The lesion advancing into the 
chiasma also causes a temporal defect in the field of the same side. 

(6) If the incidence is on the lateral side of the posterior chiasmal angle, nasal 
hemianopia on the same side occiirs, followed by temporal hemianopia on both sides as 
the crossed fibres become affected, that is to say, blindness of the first affected eye with 
temporal hemianopia in the other. 

If we summarise these conclusions from the opposite point of view we find that : — 

(1) Typical bitemporal hemianopia indicates a median chiasmal interference. 
Prominence of the scotoma suggests incidence at the back of the chiasma (Pl.ite V. 1). 

Jlore advanced loss of the nasal field on one side indicates a lateral deviation of the 
interference towards that side. 
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The diagonal crossed quadrant tjpe of field may be attributed to a lateral inter 
ference in the chiasmal bod) 

(2) Temporal hemianopia lu one field followed b) temporal hemianopia m the other 
and subsequently by blindness of the eje which was the first to sho'is the field defect 
indicates invohement of the anterior angle jif the chiasma coiresponding to the blind 
eye from the medial aspect (Plate V 3) 

Nasal hemianopia in one field followed bv slight temporal hemianopia in the other 
and subsequently by blindness of the eye which ongmally show ed the nasal hemianopia 
indicates the incidence of interference at the lateral aspect of the anterior chiasmal angle 
on the side of the blind ej e (Plate 4) 

(3) Temporal hemianopia in one field followed bj nasal hemianopia m the other 
and subsequently by temporal hemianopia m the field which developed the nasal defect 
indicates an affection of the posterior chiasmal angle from the medial aspect advancing 
into the bod) of the chiasma The lesion is on the side opposite to the original temporal 
hemianopia (Plate V 5) Nasal hemianopia m one field followed by temporal 
hemianopia m the other, and subsequently by relative temporal hemianopia in the field 
originally affected indicates an jncidence on the lateral aspect of the posterior angle of 
the chiasma extendmg into the bodv of the chiasma The lesion is on the same side as 
the original nasal hemianopia (Plate V 6) 

It ivill be seen that there are four different ways, Plate V , 3, 4, 5, 6 m which 
blindness of one eye inth temporal hemianopia m the other may be produced They 
are distinguishable from each other since the sequence of the affected half fields is 
different The first two are more common Except in (5) the e)e first attacked is the 
one which becomes blind 

Bmasal hemianopia would require the presence of two lateral lesions acting upon 
the uncrossed fibres alone, and, therefore, in front of or behind the chiasma proper (see 
p 19G) According to Wilbrand and Saenger (4G9, VI 15) it can only be produced b) 
lesions affecting the lateral sides of the anterior limbs of the chiasma 

VTien the lower quadrants fail carl), producing a more or less regular horizontal 
hemianopia pressure on the upper part of the visual path is suggested This is no 
doubt due to the chiasma being forced upwards against resistmg structures such as 
the vessels of the ciiculus arteriosus, although more evidence on this pomt is required 
Suprasellar tumours ma) arise m the region of the h) poph) sial stalk or of the tuberculuin 
sella? and press upwards the posterior or anterior ^ge of the chiasms according)}, pro 
ducmg field changes approximating to the regular type while less frequently the) extend 
over the upper surface of the chiasma, and cause inferior defects Persistent defects 
of the inferior temporal quadrants strongly si^est the presence of a suprasellar tumour 
As already pointed out, too much rehance should not be placed on inferences from 
the field changes alone as to the exact position of the tumour Apart from such rare 
cases as that quoted bj AAilbrand and Saenger, in which an occipital and an optic 
nerv e lesion were present at the same time, and produced field defects resembling those 
due to chiasmal mterference, the conditions found at operation or post mortem often 
vary from what might have been expected from the evidence of the fields The field 
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changes may indicate tliat the chief incidence of the interference is at a certain point, 
but it by no means follows that the mam mass of the tumour or inflammatory product 
13 m that situation A small knob hke excrescence may project against the diiasma 
or one of its hmbs, though the tumour itself may be either comparatively small or 
extending m a different direction This limitation does not mean that perimetry is an 
unreliable factor m this form of diagnosis , on the contrary, it is of the greatest value 
in supplementmg, and often m correcting the information obtained b} other methods 
in conjunction with which it should always be employed 

n The Cause o! the Zaterferesce 

In the preceding paragraphs the field changes which point to a lesion ini olvmg the 
chiasma and to the part of the chiasma affected have been considered 

Although field defects of bitemporal hemianopic type are most characteristically 
produced by tumour-pressure, other causes give rise to very similar changes 

It remains to discuss how far these field changes help us to ascertam whether the 
cause IS a tumour or some other condition and if a tumour, what information wo can 
glean with regard to it 
(rt) Tumour 

Hypophysial or stalk growths ate much the most common, but anv form of basal 
tumour, mcluding aneurysm, may be present The field changes m all are similar m 
character Those which follow the typical and regular sequence are, on the whole 
suggestive of intrasellar growths, the more atj’pical and aberrant changes being more 
commonly associated with suprasellar tumours or basal swellings unconnected inth the 
hypophj SIS 

The nature of the cause is indicated by the mode of onset and the behaviour of the 
field changes which exhibit the chanctenstic features of pressure defects m other parts 
of the visual path 

The onset is usually gradual, but rapid or even sudden commencement is recorded 
When the history is of rapid onset careful mvestigation will often show that it is the 
interference with central vision which has been rapid , peripheral vision may have failed 
for '?ome time without attracting the patient’s attention The fields show definite 
peripheral loss as well as scotomata, and the penpheral loss is a relatively prominent 
feature If there is a large and intense scotoma with httle and slight peripheral loss the 
possibihty of an mfiaramatory cause should be considered 

The defects are progressive, though fluctuatiou and variation are common features 
but not as rapid or as pronounced as m mflammaton conditions such as chiasmal 
retrobulbar neuritis 

The persistence andxelentlecs progress of the field changes form the chief indications 
in favour of the presence of tumour as against other conditions 

The size of the tumour is to some extent reflected m the extent and sev enty of the 
field defects, which tend to be slight when the tumour is small and extensive and mtense 
when the tumour is large 

In the case of intrasellar tiimours.e^ .hypophysial adenomata, the relation of the 
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'!j 2 e of tlie tumour to the first appearance of field defects depends on the height of the 
chiasma above the diaphragina selhe In normal fixation of the chiasma the adenoma 
must rise 2 cm (Jefferson 208) before cansmg visual symptoms b> upward pressure 
against the chiasma If the chiasma is pre or post-fixed the enlargement maj require 
to be still greater before field changes are produced 

Severe visual sjTnptoras often mdicate intracranial extension of the growth and 
therefore, a large tumour, nhereas sbght fidd changes do not necessanl} mdicate a 
small tumour, but maj be tbe result of the slow growth of a relatively large s^\ ellmg 
It might be thought for example, that blindness of one e^e nith commencing temporal 
hemianopia in the opposite field would be caused bv quite a small le«ion at one anterior 





Fio 1J3 BiTEJiPoaAL UEsriA-som dct to Ftc 191 —Como's Sites or Basal A^£r%YSu 

AsErsTssi r» Pelattov to tbx Omc Vestm 

Left eye blind Pubt field (hows trp cal chances CtaASStA, asd Optic Tiucts {After 

A S (B 1931 ) Jeffebsot) 

angle of the chiasma but reported cases ha\e been due to large tumours mth much 
distortion of the parts (Walker, Gordon Holmes) 

In the early stages the field changes mdicate that the tumour has extended suffi 
ciently to touch the visual path, and may be the only or almost the onl> evidence 
later on the presence of the tumour is usually clear apart from perimetry, n hich provides 
supplementary information as to its growth and extent 

The scotomatous type of field change is characteristic of activitj of tbe lesion 
and the non scotomatous type of a slowly growing or stationary condition The extent 
and intensity of the scotoma vary ivith the aggressiveness of the tumour and may 
dimmish durmg the periods of les" active growth, or when tbe mcidence of tbe interference 
becomes altered as the structures surrouudmg the tumour give way here and there and 
allow the nerve path to be temjKiranlv spared As there is no sharp division between 
slowly and rapidly growing tumours the scotomatous and non scotomatous types of field 
change are not separated by any hard and fast line If a tumour grows sufficiently 
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slonl}, It mn} attain rcktncl) large dimensions and cause considerable distortion of 
tlic optic ner\e, climsma, and tracts, and jet jiroduce onl\ slight Msiml disturlnnce 
Dillicultj in distmguisbuig the chiasmal scotoma from others ml) nrch be encoun- 
tered, especially if the vhole field is examined Its quadrnntic coinjiosition is usualU 
casilv sho\N'n bv nnaljsis and a scotoma wliicli docs not show tins feature should not 
be regarded as due to a cbmsmal lesion unless there is strong additional evidence Tins 
precaution will enable confusion with tobacco amblvopia, Leber’s di'^ease, and other 
forms of bihtcral retrobulbar neuiitis to be avoided An isolated central or paricentral 
scotoma of quadrnntic t)pe wath normal pcnplicrv is exLcptional, if it ever occurs, in 
tumour cases, tliough it maj be present in other conditions 

As in other conditions the steep or gentle -slope of the edge of the defect iiidicxtes 
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fio 103 — llrrEsii'oiiAL HcuuKom rrosi Di^n^sio’^ or Tnuto VtvTniLU 
CertbelUr tnmoor Cliangvti nuinly centnil in both ficMs lower temporal qnatlmnt def'Ot m left 
^ s« )*$ (li., 103-j) (Charts LindW supplied bj Mr Norman Dott } 


the relativel) stationary or active nature of the field changes at that part, and the 
presence of projwtion or disproportion provides similar indications S^ns of rapidity 
of growth suggest tlie more active tj-pes of tumour, but nmv abo he produced by cysts 
The rapid or sudden appearance of tcmjioral hemianopi i may bo due to the formation 
of an aneurysm near the cliiasma or to a h'cmorrbage into a hvpopbvsnl tumour 
Iinprov ement in the field changes indicates that the nerv e fibres bav e not been inv aded 
bv the growib, but pressed upon from outside Sudden improvement or alteration 
suggests a change m position so ns to proiluce a lessened or new incidence of tht pressure 
Hard tumours, push aside the structures, soft growtlis tend to envelope the chnsnm and 
its bmba, and are, therefore, more lihely to prcKliice atvpical field changes 

In regard to the jiatlmlogical differentiation of the various forms of tumour no 
direct help is obtained from perimetry alone, but, nevertheless, \aluable assistance is 
gained from the study of the visual fields in association witli the whole clinical picture, 
llie lield changes give information as to the position and lieliaviour of the tumours, which, 
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taken m connection ^ith the patient’s age, the X ray examination, the state of the optic 
discs, and other circumstances, enable groupings to be made which lead to correct 
diagnosis in a high percentage of cases In this way the two mam groups of intrasellar 
and supra or extra sellar tumours are easily distinguished As regards diagnosis, 
intrasellar tumours give little difficulty, smce, as a rule, recognisable X ray changes are 
produced before alterations m the visual field The second group is of special interest to 
the perimetrist, because of the greater variety of tumours concerned and because m some 
cases the field changes form the only discoverable deviation from normal health As 
the radiographic evidence may be negative the question of differentiation from condi 
tions other than tumour also arises In this group the most important tumours are 
meningioniata growing from the region of the tuberculum sell© and causing slouly 
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progressing field changes, e xtr osellar hypophysial adenomata producing more rapidly 
developing field alterations, cranio pharyugioiuata or Eathke’s pouch cysts, and, more 
rarely, aneurysms and tumours of the chiasma Pronounced variability in the visual 
symptoms has been found by some observers to be a feature of aneurysm Jefferson 
(207) found the most characteristic field defects associated \vith aneurysm m the chiasmal 
neighbourhood to be — (1) A nasal defect with a scotoma m the field of the same side as 
the lesion and m the opposite field a homony mous temporal defect (2) Bitemporal defects 
commencmg ^\lth inferior quadrantic loss, usually developmg suddenly (3) A nasal 
hemianopic defect in the field of the affected side Chiasmal gliomata are rare m adults 
and tend to produce somew hat irregular and indefinite hemianopias avith relati\ ely great 
depression of central vision on botli sides Pronounced asymmetry of the fields, parti 
cularly such conditions as blindness m one eye and temporal heimanopia m the field of 
the other, indicatuig an anterior chiaanal angle interference, is suggestive of meningioma 
and^ against hypophy sial gro\vth, especially if the sella is normal (Cushing) 
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Iii^aMition to pathological swellings, the physiological enlargement ot the hypo- 
physis injhe late stages o£ pregnancy has been stated by some obserrera to produce 
bitemporal bemianopia by upward pressure against the chiasma. The fields of vision 
brought fonrard in support of this contention do not show the characteristic features of 
conimenciiig hitemporal heniianopia as caused, for example, by a hypophysial adenoma 
bnt merely those of general depression, which, owing to the slope of the feuiporal field, 
produces a greater contraction on the temporal than on the nasal side. This form of 



FlO 197.— lUnKOCeriULCS PCE to CeRCBEIXAF TcSIOOR, »IK)Wl^O mow TME DiSTR^DED TmIRD \'EyTRlCLK 
cosirsEssEs A*n> nd»Tr»s toe Sclu asd HrroiTfim 
ro3(eroan(cnor Tie« nf coronal scclion immcdMtc’j behind duA^nw. 

(By kind permission o( Messrs Sinclair and Pott snd tlic Editor ot tlio rroHandiona 0 / the OphlhaliAolo^ttal Sorie/y 
t/ the United Kinjif-wi ) {Sinclair and Dott, 370 ) 

iloH change suggests a factional ari^. *irmust be remeinberetl that an intrasellar 
gro^-th always causes appreciable enlargement of the sella before it produce? the earliest 
signs of bitemporal hcmionopia. A pregnant patient may, of course, have true bitem- 
pon\l bemianopia from a pathological condition, but bitemporal bemianopia present 
during pregnancy is not the same thing as bitemporal bemianopia due to normal preg- 
nancy without abnormal conditions in or near the chiasma. 

Allied to tumour ca?es arc those in which for one reason or another, frequently a 
cerebellar tumour, the thinl ventricle becomes so distended that it acts practically as a 
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i 10 S'*.* — Cr^-ntit. Ttvrf c»i. lltMii'i .«» m I trr (icli> kott rnixor^rru is U wtn Tcvroim Qi *i b»st, 
*rTn »r«nci 'cs Covr8»mos or rnr I« irrrJt is the I’lf irr } ckile ai t 21 
Otj^tKj I*, il;,, j»’.« , ,JS« IS'I tlSf fiVi* **1*1 ^ <» J I Htucrr in rn* m nt(i 

liut «ith (nor* n-mxinin. ((> IV'.I ) 

fixation arra !ns luon roconlotJ In other caves the fide! cotiditions may lie exattl) 
Pinular to tha'k* pnxliiced b) tumour (Hughes, 192), and m one rejKirttsJ l»y Licbrtchl 
(210) typuai field chati^'cs, mcludin^ the tem{K>ru1 island, iicro prevent. In another of 
I.iebrecht’s c.i'es {urtiil retention of Ixithlouer naM] qindnints alone was found, a \er\ 
rare condition in bitcmjxjral hcimanopn.snnilirto tlie fields reconled bv Hir-cli in a ca«e 



CHIASMA 


245 



m m 



of hypophjsial tumour. These features show that the crossed fibres were not entirely 
destroyed, and suggest that the field changes were caused not purely by traumatic 
rupture of the chiasma itself, hut largely by damage to the membranes and blood-vessels 
followed, in the slowly developing cases, by cicatricial processes wliich produced inter- 
ference with the nutrition of the nerve fibres. 

Uhthofi has reported instances of chiasm al mjury irith bitemporal hemianopia and 
others uith horizontal hemianopia, the fixation area being divided in each case. In 
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ecveral c.i«05 Cushing (70) nw#le a median antero-iwstcrior section of the chiesma with 
resulting clear-cut hitcm|)oral hemtanopia with tUrided fixation area. 

In diagnosis the chief difficulty is that of distinguishing hetucen inflarnrnatorv 
conditions and the group of cxtrascllar tumours with negative radiographic evidence. 


[M L5J 
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The ans^\or to the question : “ Is a tumour pn‘«cnt or not ? ” dcjK’iids more on the 
behaviour ami the rclathe intensity of the fich! defects than on the other thameters 
6uch ns shape and position, llnpid and fliictu.iting changes, with relitive prominence 
of the scotoma ami comparatively little in\ohement of the jvcriphcral field, sugeest 
inflammation, while slower, more progre^iive and more jiorsistent defects, with pro- 
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noimcefl ])cripheral loss, point tovrard*; tumour Care must be taken to exclude the 
more persistent forms of bilateral retrobulbar neuritis of the optic nerves bj a close 
scorch for quadrantio features in the field defects 

Of the mflammations chiasmal retrobulbar neuntis is the more common and is 
distinguished b} its activity and the age and sex of the patient Syphilis is less common 
•md more persistent, and ma) lead to gross field defects and even blindness It is 
therefore less easil} differentiated from tumour 

In any case of bitemporal hemnnopia penmetry is obviously onl} one of the man\ 
sources of evidence upon which the diagnosis is based, and although the field changes 
inaj be so characteristic as to be almost pathognomonic, caution should be exercised 
before ba‘!ing conclusions as to the nature of fclie lesion upon pcrimetr} alone In most 
cases other evidence can be elicited, but m a few the visual changes form the only ascer 
tamable deviation from normal S 5 miptoms of hjqiophjsial disturbance m association 
with bitemporal field changes do not necessarily point to h)poph}sml tumour nor does 
a nonnal sella tiircic<a without hypopb>sial disturbance exclude tumour in that neigh 
bourhood 

Prognosis — Tlie prognosis depends upon the nature of the cause as well as upon the 
state of the field changes and their bebavuour and course The same indications which 
assist in forming the diagnosis, afford some help in regard to prognosis and treatment 
The natural tendency of the vision and of the field defects to fluctuate or alter in progress 
or behaviour should be remembered The significance of the nature of the edge of tiie 
defect and of the presence of disproportion has been mentioned Stationary or improving 
fields should not be regarded as indicating a similar condition of the tumour or attributed 
to the effects of treatment, other than surgical without caution and delay Improve- 
ment in the fields indicates onl> a diminution in tlie interference \nth the visual pathw aj , 
not neccssarilj a reduction in the size of the tumour Nor is it nece‘5&ary to infer from a 
liistorj of progressive visual loss that this vnll increase it is from the character of the 
fields at anv stage as well as from the mode of attainment of that stage that deductions 
ns to further v isual loss may be drawn Rapid onset and progress of the field changes 
suggest a rapidly growing tumour and arc often unfavoumble signs but phases of tins 
kind may alternate with penods of comparative or actual quiescence 

W hile some tumour ca'^s tenmnatc fatally within a few j ears or even less in others 
the grow th appears to become stationary , so that the patient may live and work with 
comparative comfort and facility for many years even tlioiigh with only one useful eye 
If there is still persistence of the temporal island or perception of large objects m the 
defective parts of the fields, improvement may be expected after a successful operation 
As regards the position of the tumour and the possibility of its removal, we have 
seen tint some indications arc afforded by the field changes Blindness of one eye with 
temporal licmianopia m the other field usually indicates an anterior and more accessible 
position of the tumour The prognosis for the blind eye is poor, but the eye wntii 
temponil hemianopia mav recover completely Homonymious hemunopm, on the 
other hand, is, on the whole, an unfavourable sign os it often denends on a posterior 
position or extension of the growth 
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A change from bitemporal to homomTnous hemianopia indicates that an alteration 
m the rclationshii> of the tumour to the chia«5mii has occurml, and may initiate a period 
of improved viMom It does not necessarily indicate cessation of growth of the tumour. 
The state of the fields has, therefore, a cciiain influence on the question of the advisa- 
bility of operation and on the preciHi procecltirc (frontal or tnins-sphcnoidal approach) 
best smte<l to each indi\ idual case. For these reasons a careful perimetric study should 
precede the considenition of operation, and the character of the fields should be included 
m the evidence on nJiieh the decision is basecl, and should be interpreted nith care and 
delibcnition, without, of course, claiming for it any predominant iiujiortanco, 

.\fter a successful operation the fields retrace the stages through wliicii they 
originally dcvelojicd. In this s\uy the significance of the early stages is confirmed. 

In the majority of syphilitic cases improvement in the field under ajiproprintc 
treatment is to boevficctwl and iiMlieatesa favourable prognosis, but secondarj* prorcs.se-, 
of a citatrical nature may caiLse serious .and pennanent damage, so that hopes based on 
early improvement may be disappointed. 



CHAPTER XI 


surR icnnsMAi. p\Tn axd visual cortf\ 

The s)inj)toin'itolog\ of local discTse implicating the Msiial path hetivcen the 
c)e and the tracts, though not pnrcl} ophthalmic, is comparatl^cl> free from cMdcnce 
of in\ol\ement of neighbonring ncne structures Belimd the chiasma the Msual 
fibres become closely related to other ner\e tracts and centres and the diagnosis of 
the situation of lesions abo\c tins Icael becomes correspondingly dependent upon si"ns 
of interference uitli adjacent parts of the brain 

Still more posteriorh after emergence from tbe internal capsule the Msual path 
becomes less closclv issocnted uath ner\e structures interference with ubich gives 
rise to obvious symptoms until in the occijutal region IcMons again often produce field 
defects unaccompanied b\ other samptoms 

The extent of the suprachtnsmal path and Msual cortex and their hnbilit) to 
damage, suggest that close examination of the R}anptoms produced should be of aalue 
for exact diagnosis and m penmotta the means arc at hand for measuring and recording 
functional impairment uith considerable dehcac) ami nccunci Although onh one 
kind of field change, bomon jnnous hemianoinn, occurs, penmotr) not onlj can gi\ c much 
information ns to the nature of the m\ohcmont of the a isual jiath but nho maj suggest 
lines along which further c.\amination should be pursued Tlie importance of penmetr^ 
m this respect has been conclusiccl) demonstrated b> UhtliofT Cushing ami Walker 
and othera and its advantages and possibilities arc becoming more full) appreciated 
The development of the field changes maj commence at an carl) stage before 
the appearance of diagnostic or localising indications of other kinds, and nm not 
attract the notice of the patient, while in other cases visual B)mptoms are the first 
to which bis attention is drawn The field changi^ niav be the onl) eandence of disease 
present, or they ma) develop during the course of the illness when their appearance 
marks a stage in its progress In onlcr to obthm the full advantiges of penmeti), 
it IS, therefore, nccessarv to make tlie examination pcriodicaily and to watch for early 
signs 

In testmg for hcmianopia it is often useful to begin by examining the binocular field 
with the confrontation method The patient is asked to maintain fixation ivith both 
eyes on the face of the examiner who stands 4 or 5 ft in front of Jnm The examiner 
then holds up both hands simultaneously and asks the patient wliether he sees two or 
one, whether the fingers are open or dosed, moving or stationary Or the screen mav 
be rapidly used, testmg both ey es at once In both c.ises it is often desirable to conduct 
the examination in reduced illumination In doubtful or difficult cases especially in 
the earlier stages of tumour, tliere may be only an occasional and variable hemnnopic 
depression so elusive as to render accurate charting impossible It may be impossible 
to map out the blind spot or to obtain satisfactory results by the perimeter or screen, 
or a degree of mental dulness, depending on the general condition of the patient, may be 
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present Under such conditions an intelligent application of the confrontation method, 
to-Tether inth close attention to the patient’s remarks and behaviour, mil often prove 
more successful than other forms of examination A modification of this method is 
employed b\ N’orman Dott as an “ attentio n t^t ” The exammer stands m front of the 
patient and places one hand at the extreme temporal periphery of each field The hands 
are graduallj moved forwards and towards the median plane, the forefingers being given 
one single and rapid tmtcb occasionally, until first one and then both movements are 
seen The interval if any, is noted The patient’s attention becomes attracted to the 
stronger image and the other, though visible, escapes notice at first Dott has found 
this method more useful than tests of each field separately in cases of low grade hemian 
opic defect especially if the patient is ill and exammation at the screen therefore difficult 
If nothmg can he discovered bv the confrontation method each field should be tested 
very thoroughly usmg every means to elicit very faint defects b} the methods already 
described The central area should be tested on the screen rather than with the 
perimeter 

A negative findmg mth a rough test only shows the absence of gross hemianopia and 
should not be allowed to stand m the way of a more adequate investigation 

In cases of suspected cerebral tumour the fields should be carefully examined bv 
methods for the detection of defects of very slight intensity as the patient may be quite 
unaware of any visual sj'raptom Each field should be tested separately by the perunoter 
m case a defect of the temporal crescent might be present Occasionally this is the first 
symptom of horaonyraoiTs hemianopia The examination should be contmued with the 
screen using small test objects both coloured and white 

Once the presence of homonymous hemianopia has been established further 
examination is directed towards ascertaining its characters and its significance 

In the perimetric study, the onset and behaviour of the hemianopia form important 
features, and aSord guidance not less valuable than that provided by its mere presence 
The assistance afforded perimetry forms an item m the evidence, upon ivhich 
diagnosis is based, the value of which, though less in some cases than in others, is always 
considerable, and, with further development promises to become still more important 
In discussing diagnosi**, although the field changes only are referred to, it is not intended 
in any waj to suggest that an undulv promment position in the clinical picture should 
be assigned to them 

The nomenclature of hemianopia has already been briefly considered (p 59) , the 
terms subgemculate and genicuJo calcarine or suprageniculate, m reference to the 
anatomical site of the causal lesion, may be added here That field defects due to lesions 
of the suprachiasnial path must be essentially homonymous in character, although the 
changes themselves may differ in the two fields in regard to their onset, position, extent 
or intensity, is ea ident on anatomical grounds 

HomonjTnous hemianopic fields which are supcnmposable and identical, are 
congruous, thos e in which the defects are dissimilar are incongruous Genuine incongruity 
on an antormcal basis has a certain diagnostic value, inasmuch as it maj be found 
when the interference ivith the visual path occurs at a point where the fibres from 
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corresi)onding letinal points or minute areas according to Wilbrand, have not yet come 
together, that is to say, in the tract, at least m its lower part 

A second variety of mcongnut} depends upon the normal difference in size between 
th^asal and temporal fields, the latter "being the larger by a penpheral crescentic area 
correspondmg to the unpaired part of the binocular field A defect of suprachiasmal 
ongm may, therefore, be present in this part of one temporal field without being repre 
sented in the opposite nasal field, and constitutes a umlateral partial hemianopia m the 
form of a temporal crescent or, as it has been termed, the temporal or peripheral half 
moon (Belir, 26) On the other hand, this crescentic area may be preserved, while the 
remainder of the temporal field up to the vertical meridian is defective, m association 
with the complete nasal field of the opposite eye (Fig 2*27) It is evident that unilateral 
hemianopia of supragemculate ongm can only be partial As regards the anatomical 
basis it IS beUe\ed that the most medial fibres of tbe optic radiation correspond to the 
nasal periphery of the retma and terminate m the roost anterior part of the visual cortex, 
which IS therefore connected with crossed fibres only It is possible that a lesion may 
involve — or may spare — this cortical area or its fibres alone, but careful quantitative 
exammation is required to show the true nature of a defect which suggests this ongm 
In diagnosis the presence of the temporal crescent is more important than its 
absence 

The dissimilarity may be due to errors of observation Even the most experienced 
observer, dealing with the most inteUigent and practised subject, cannot ahvajs avoid 
a certain margm of error which is especially liable to occur m relative hemianopia, 
unless a senes of test-objects is carefully used, since the field boundaries may not be at 
all well defined Such errors may be greatly increased if the patient be tired or matten 
tive or the observer burned or careless, or if the technique employed be m any way 
un'iound or madequate Special care is required not to allow any shifting of position 
of the head when the examination is transferred from one ej e to the other The results 
should be confirmed by testmg both eyes together when, if mcongruity is present, tlie 
outhne of the larger field should be obtamed In mcomplete hemianopia rotation of the 
head may produce a shght degree of apparent mcongnuty 

Other forms of mcongruity whose nature is not yet fully establLshed haa e also been 
observed (see Koenne 341 Wilbrand and Saenger, 469, Bd ^^I ) Apparently 
mcongnious supragemculate hemianopia calls for the most thorough and exhaustive 
examination before correct inferences can be drawn 

Spa rmg of the fixation area, which has already been referred to in connection 
with chiasmal lesions, also occurs m affections of the tracts and radiations and is the 
niTe m occipital hemianopias It is less extensiv e, less complete, and more frequentlj 
absent in subgeniculate than in supragemculate, especially occipital, hemianopia 
A rare form is the overshot field, m which the Bpormg is not only central hut extends 
along the whole vertical mendnn Explanations such as bifurcation of the macular 
fibres or bilateral cortical representation of each macular area do not seem acceptable * 
The sunplest view is that either the sparing is genume, the nerve elements concerned 

• See AppeadiK in p "Oa 
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having partly or wholly escaped injury or possessing more than one source of vascular 
supply (Lister and Holmes, 257), or it is merely apparent and due to a habit on the 
part of the patient of fixing slightly to one side of the fovea in order to obtain the best 
use of his central vision This is probably not mfreqiiently done by patients who have 
had hemianopia with a divided fixation area for some little time, and may be held to 
account foi some of the narrow spanngs of about half a degree, which are often found 
in chiasmal and tract hemianopia when carefully tested on the screen Obliquity of the 
dividing line corresponds to the relationship of the true vertical meridian of the retina 
to the distribution of the crossed and uncrossed fasciculi A spurious form maj , of course, 
be produced if the patient’s head is not level during the test, and is associated watJi 
vertical displacement of the blind spot To ensure accuracy with regard to the character 
of the sparing and the relationship of the edge of the field to the vertical mcridnn, a 
careful examination on the screen at 2 m or more using several test objects of different 
sizes, or in reduced illumination, should be made Care should be tal^en that the head 
is exactl} vertical Each field should be examined independently and then both 
together Unless there is incongruitj the three fields should correspond Androgue (6) 
insists that no statement can be made about sparing of the fixation area unless the field 
has been examined with small visual angles, or even less, using pilocarpm to contract 
the pupil so as to eliminate diffusion at the edge of the test-object He believes that 
sparing, when it exists, is found equally m subgeniculate and suprageniculate lesions 

In certain cases the defect may cross the vertical meridian and invade the seeing half 
field This occurs in tract hcmianopias wlien the chiasma or opposite tract becomes 
involved, and occasionally in occipital lesions such os tumour or hemorrhage, by 
pressure on the opposite occipital lobe Bilateral lesions may also occur, producing 
bilateral homonymous hemianopia either simultaneous or in sequence, and the defect 
m one side of the binocular field may differ consider<ably from that in the other 

Homonjonous hemianopia may be relative or absolute, or the intensity may vary 
m different parts of the defect or at different times The hemianopia may begin suddenly 
or gradually, and may remain permanent or may recover pattnllj or completely 

Thus different combinations of several variable factors, such as the extent, intensity 
or position of the defect or defects in the two fields, lead to tlie production of many 
different field pictures all essentially of homonymous liemianopic type, and all dependent 
on the anatomical position and seventy of the causal lesion or lesions On tliese lines 
Wilbrand and Saenger have enumerated no less than thirty varieties of homonvmous 
hemianopia 

^Vithout attemptmg to follow this plan, and with these few preliminary remarks, 
we may now proceed to examine the chief features of the field changes produced by 
lesions in tlie different parts of the suprachiasmal path 

OPTIC TRACT 

The tract is seldom the primary site of disease, probably on account of its small 
size and sheltered situation, but may become mvolved m or affected by disease of the 
adjacent parts Of the conditions which affect the tracts m this nay by far the most 
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common is tunio^ ; inflaiTunatory conditions such as basal syphilis and multiple 
sclerosis are muchjes s fre quent, yhile vascular disease and injury are rare. Aneurysm 
of the circulus arteriosus may occur. The general features of tract hemianopia are 
tho^e of the bitemporal form, but \vith homonymous defects as if one field in a bitemporal 
hemianopia were laterally reverse(l.''''^congniity_i^,th6 characteristic feature, and is 
almost always present wliatever the cause except in advanced cases.. Scotomata and 
th^gdurd-^aped or uncinate deformation of the temporal field, so common in bitemporal 
hemianopia, are rare, especially if the site of interference is some distance behhrd the 
chiasma. The field changes begin usually in one quadrant and are relative, incomplete, 
incongruous and progressive. The edges are sloping and the fixation area is often sytared 
at first. The incongruity may be considerable ; examples such as a quadrant defect in 
one field with either little or no defect or well-dev’cloped hemianopia in the other are 
frequent. As the interference extends and becomes more severe the field defects enlarge 
and become more intense and less incongruous, while the fixation area becomes affected. 
Complete interruption of the tract leads to complete and absolute homonymous hemi- 
anopia with verti cal bisection of the fixation area. 'This is, however, an uncommon 
result, since tract hemianopia is usually due to tumour, which tends to involve the 
posterior angle of the chiasma and therefore to modify the purely homonjTnous character 
of the fields. In this way also the macular fibres become affected, since they cross at the 
posterior part of the chiasma, - These features characterise the subgeniculate type of' 
homonymous hemianopia in contrast to the geniculo-calcarinc type, in which the macular 
fibres are nearly always preserved. A complete division of the tract is, of course, 
indistinguishable on perimetric findings alone from a complete division of the visual 
path at a higher level. 

The course of the defects corresponds to the cause. 'iVhen this is pressure, ns from 
a tumour or .some siniibir condition, the onset is usually gradual and the defects slowly 
increase. In inflammatory conditions the onset may be sudden and recovery rapid. 

interpreiation . — ^The patient may complaui of visual sjTnptoins and the hemianopia 
may be pronounced and obvious, or the case may be one in which, in the absence of 
any complaint on the part of the patient, the possible presence of hemianopia is suspected. 
In the latter case a negative finding should only be accepted after a very thorough 
examination, using visual angles as small as if necessary, as the early indications 
may be very slight in intensity and confined to a small sector of the field. 

The next point to determine is the site of interfereiice, whether sub- or supra- 
geniculate. 

When the onsejbjs gradual, the course progr^ive, and the edge of the defective 
area sloping, incongruity between the two fields suggests a tract lesion, as a partial 
hemianopia due to a suprageniculate lesion practically always presents defects similar 
in extent and intensity’. The appearance of indications of progressive involvement of 
one or both of the primarily unaffected half-fields is important as indicating extension 
to the chiasma or opposite tract, and thus locating the original interference in the 
anterior part of the tract. In such cas^ blindness of the eye on the side of the lesion, 
vrith temporal hemianopia in the opposite field, may follow an initial homonymous 
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hemianopia A le sion at t he antenor angle of the chiasma maj produce field changes 
having a similar character but difierent order of incidence (p 233) A superior quadrant 
hemianopia mdicates an infenor incidence of the interference and vice versa Should the 
hemianopia appear first on the temporal side of the field, or be more developed on that 
side, the mterference may be referred to the medial aspect of the contralateral tract , 
should it be first or greater on thTnasal side the site of interference is at the lateral aspect 
of the homolateral tract as in the case of temporal lobe tumours Cushmg, on the other 
hand regarded the hemianopia of temporal lobe tumours as suprageniculate, t e , as 
evidence of direct interference with the optic radiation as it passes through the temporal 
lobe m Meyer s loop * A defect commencing in an upper temporal quadrant suggests 
a lesion lymg between the tracts and indicates the necessity for a very careful examma tion 
of the opposite field 

The presence of a central hemianopic scotoma m a homonjunous hemianopia which 
IS otherwise suggestive of tract lesion, also points towards this site of interference as 
such scotomata are verj uncommon in suprageniculate hemianopias Division of the 
fixation area occurs more frequcntlj when the lesion is situated in the antenor than m 
the posterior part of the suprachiasraal path and strongly suggests the former situation 
but this feature alone cannot be rehed upon as a localising symptom 

Sudden and complete hemianopia whether the fixation area is divided or not, 
cannot be ascribed to a tract lesion on perimetric grounds Similarly sudden but m 
complete hemianopia, especially if stationary, offers difficulty unless there is mcongruity 
As a rule in such cases the lesion may be presumed to be suprageniculate unless there ls 
evidence to the contrary, and it is necessar) to make sure of the nature oi the mcon 
gruitj by careful quantitative exaramation Lesions of the posterior part of the tract 
cannot be located with certamt) on perunetne evidence alone li unaccompanied by 
symptoms indicatmg the mvohement of adjacent structures 

Tomoor 

Tumours seldom origmate in the tract itself though ^rcoraa, gumma, tuberculoma 
and cysticercus are recorded Interference is usually due to a swelhng m the neigh 
bourhood commonly hjqiophjsial, more rarelj connected with some other basal struc 
ture The majority of such tumours he between the tracts behind the chiasma though 
occasionally the lateral side of a tract is compressed bj a hypophjsial enlargement 
Tumours of the temporal lobe affect the tract, first of all on the outer side b^ pressure, 
occasional!} by mvasion Subgemculate homonymous hemianopia may also be produced 
by tumours of the frontal lobe, especiallj m ite postero mfenor part, of the optic 
thalamus, and of the corpora quadngeraina 

The mterference may, therefore, come from either the medial or the lateral side, and 
may affect the antenor or the postenor part of the tract In the former case the chiasma 
also ma} become involved m the latter the adjacent basal gangha and ner\ e paths 
Owing to the fact that at this level the fibres from corresponding retinal pomts 
hav e not } et completely come together a sufficient!} small lesion m one tract especially 

* See Appendix III p S91 
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in its anterior part, ma) aflecfc ono field only, and mcongruitj* is common, mdeed charac- 
twi^ic A gradually eiicroaclimg lesion produces graduallj increasing field defects 
Tiius interference wth the lo^ er part of the tract produces superior homon} mous 
quadrmt liomnnopn in which the earUer or worse aSccted sector corresponds to the 
tract {a‘!ciculus which is sooner or more severely damaged 

Ajnrt from its homonymoiis clnractcr, tract Lemjanopia due to tumour resembles 
m its general features the bitemporal fomi, ivith the differences already mentioned 
The onset is usually gradual The defect is relative at first, and begms as a partial 
depression of one quadrant, or sometimes as a lateral failure Its edge is slopmg in tlie 
early, hut usually steej) in the later stages One field raaj be affected before the other, 
and usually exlubits a more ad\anced degree of development Progress maj be slow or 
rapid, stead) or fluctuating, but uniform and pnctically absolute visual failure in the 
affected half fields, as in occipital hemianopia, is rarely met with iti the first instance, 
since It requires the complete intcrruptiou of the tract Thus considerable disparity as 
regards the iiosition, extent and intcnsitj of the changes ma) exist between the two 
fields Idus incongruit) m homonymous hcmianojuc fields is a iiroimnent and 
important feature anjlisvet) suggestive ofjract lesion Finall)', the bomon)'mous half- 
fields ma) be completely obliterated, but before this stage is reached the field picture ma) 
become complicated b) involvement of the cbiasma or sometimes of the opposite tract 
Scotomata, when the) occur, are similar m character and behaviour to those of 
bitemporal hemianopia Tiie scotoma may occupy the apex of the most affected 
quadrant or maj appear to be more or less mdependent of the penplieral field chances, 
and mav be relative or absolute 

The fixation area is spared to a greater or less extent unless the conductivat) of 
the tract is totall) destro)ed or a central scotoma is present The sparing may be 
relative, that is, present for large objects, absent for small objects or colours 

Lillie (25-1) found that m tumour of the lateral part of the traiisv er^e fissure complete 
clear cut homon)Tnous hemianopia was present ahead) at an earl) stage The 
hemianopia is complete because the visual path at this level is concentrated m the tract, 
and its appearance before the development of other symptoms due to mvolvcmcnt of 
the basal gangh i or internal capsule constitutes a sign of diagnostic value, since in other 
tumours in this area the hemianopia is a relative!) late feature and ma) be incomplete 
as III the quadrant hemianopia of temporal lobe tumours 

^^c have sceu tliat the involvement of the anterior part of the tract by a lesion 
XinmanU affecting the chiasina is indicated b) the development of the homon)Tnous 
type of hemianopia in addition to or m place of a previous bitemporal type In the 
former case hlindnc's of the c) c on the side of the affected tract with temporal hemianopia 
in the other field results, a significant though not pathognomomc indication, since it 
ma) also result from multiple lesions Accurate diagnosis requires that the development 
of the process sliould be watched bv pcnodic examinations Tlie replacanenl of a 
bi(einx>oral by n homonymous defect strongl) suggests a timiour whicli is obtaining 
room b) extending bac^vartLs into the interpeduncular space, thereb) relieving tlie 
pressure on the chiasma 
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Interference both tracts is nearly alua^s due to tumour lying bet^reen 

them or to syphihs, and has alreadj been referred to in connection with bitemporal 
hemianopia The involvement of the second tract is usually a relatively late develop 




Fio *’10 ITosto^mocs Mmu'^opu from Iliro w trsuL Tnors (VV&ller aod Cuatuo; 454) saotmo 
pBONOV'cep Ixfu'fCBcrrr 


E] IS 



ment and produces a defect m the previouslj unaffected temporal field in an already 
well-developed bomonjTDoiis hemianopja leading to bhndness of one eye with temporal 
hemianopia in the other (see p 233) and ultimateh to complete blindness Bilateral 
tract interference without chiasmal involvement is rare, if it ever occurs 

hen the interference is on the lateral side of the tract as m temporal lobe tumours 
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the defect -ippears m tiie nasal field of the eye on the side of the lesion For detailed 
charts of the field changes in temporal lobe lesions, we are indebted to Cushing Although 
regarded by him as due to radiation, i e , supragemculate, mterference, the characters of 
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In the left field the scotoma d sappeated (P 1042 ) 





Objects ,VV jir nav 8 Part I^V j*, Piistion area divided for small object (Pa lO^S ) 

the field changes are those of tract, i e , subgenic ulate, hemianop ia Incong ruous 
homonymous quadrant hemianopia without central scotoma, developing relatively late 
111 the sequence of symptoms is the characteristic feature^ As m the case of commencing 
bitemporal heuuauopia from hypophysial tumour, the earhest change maj be demon 
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Fic 2l9 — FizLP Chasces u Tmocs or Textosai. Lobe. 

Gliomatoos cjtt la upper part ot temporal lobe Coabic^. Bntn, VoL 44, 1021 (69) 

strable towards the central part of the field, while the penpheiy is still apparentlv nonnaJ 
In its early stages the heimanopia is partial, has sloping margins, and tends to recover if 
the pressure is relieved Incongruity is characteristic and may be extreme, one field 
showmg a well developed quadrant defect while the other is normal The hemianopia 
later becomes complete with, ultimate division of the fixation area, and, in the final 
stages, its characteristic features nia\ be swamped by the genera! visual loss due to 
secondary optic atrophy Hemianopic central scotoma is rare, probabh owmg to the 
position of the macular fibres m the tract and the arrangement of their blood supply and 
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to the usual gradual incidence of the pressure as these tumours tend to grow slowly. 
In the majont} of cases the upper nasal quadrant is first affected, but when the lesion is 
high in the temporal lobe the lower nasil quadrant is the first to become impaired 
(Figs 214,215) 

"With careful perimetry henuaiiopic defects should be eUcited m over 50 per cent 
of temporal lobe tumours at some period during their course 

Diagnosis — The onset, course and intensity of the defects give some assistance 
towards the diagnosis of the nature of the condition present m the same way as m 
affections of the chiasma 

Relative defects commencing slowly with sloping edges m the earlier stages and 
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Fia 210 — HoMox^siors QUADfLunr ITcuuiiOPU \nT» ScoTos.^ Fesuie ecs 3G 
Fields for lie scotomafor^^ Fenphei;' normal for Saddenoobet npid and comjilete recoTer^ IIV J 
L.V % Neurit c focns in tract (Hg lUU ) 


gradually increasmg m extent and intensity until complete hemianopia is produced 
indicate interference due to pressure 

Basal tumours exjiandmg between the tracts often produce an upper temporal 
quadrant defect m the contralateral field as the first sign owing to interference with the 
inferior crossed fibres m the lower portion of the tract As the interference spreads 
through the tract and reaches the uncrossed fibres in its infero-lateral part an upper 
quadrant defect in the field on the side of the lesion is added producing an incongruous 
hemianopia, avith the greater defect m the contralateral field, w hich subsequently becomes 
complete At the same tune, or earlier, the chiasma itself becomes involved leading to 
impairment of the previously unaffecteil half fields 

On the other hand the hemianopia of temporal lobejumours usually appears first 
in the upper nasal quadrant on the homolateral side since the'-ffifero lateral aspect of the 
tract is affected As n Jmle AicJmess of the tra^t hwomes in\ olved an incongnious 
quadrant hemianop% witli the greater defect in the field on the side of the lesion, 
develops and maj progress to complete hemianopia, but the previously unaffected 
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half fields do not become impaired unless by depression due to secondarj atrophy of the 
optic nerves 

Johnson (214) found that the homonymous hemianopia caused by frontal lobe 
tumours was frequently complete whereas m temporal lobe tumours it is usuallj 
incomplete 

Aneurysms are indistmguishable from tumours on perimetric evidence alone except 
sometimes by the course of the field defects 

The presence or absence of sparmg of the fixation area is not in itself a reliable 
differentiating feature between subgeniculate and geniculo calcarine hemianopias 

Multiple Sclerosis 

The lesions of multiple sclerosis affect the tracts in the same way as the optic 
nerves or chiasma and produce field changes which resemble in behaviour those of 




Fio 217 — Ho» 0KYM009 IncoNOBDODa Pabacestbal Scotomata FemaIK aoe 24 
Sudden Onset Aseoc ated t th S^mptoou of Mult pie Sclerose RE scotomA for Ton for 

Vi LE scotoma for ^ , nucleus, V ^ (H 1939) 

ordmaxy acute retrobulbar neuritis Homonymous hemianopic defects varying in 
extent from small hemianopic central scotomata to the loss of a quadrant or of half the 
fie\d DccuT and central vision w involved Comibrnations oi different iorms may be 
found Apart from their hemianopic character th^e field changes do not differ in 
onset or course from those desenbed under multiple sclerosis affectmg other parts of 
visual path and the diagnosis and prognosis are based upon the considerations already 
discussed A sudden or rapidly developing homonymous quadrant defect for example 
may be difficult to explain at first but if it occuis in a young woman and soon disappears 
multiple sclerosis is strongly suggested (Figs 21Q 217) 

SFphilis 

The neighbourhood of the mtracramal portions of the optic nerves and chiasma 
IS a favourite site for gummatous menmgitis An isolated tract lesion of this kmd is 
rare more often the chiasma and one or more of the cranial nerves m the neighbourhood 
are also mvolved The field changes resemble those caused by tumour but as in 
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Ro 218 — IloitoNrstocs IfuiiASom from Aktcbui. Axcioua viae Pjout Latfjlil Cr«icui~iTT Bodt 
01ij«ct< n and L. /,% ml (dotted line) 

Pronouneed tpanng <d iixat on area for white hot not for red (J At 16 9 ) 



Fic. 219 — Deawimj from a Cdiebral ABTcRiooRAni sbowino the Position or the Angioma cacsino the 
llmuAoru rv Tta 21^ (^certito r> 3I» Nowian- Dott ) 

bitcmponl Iicmnnopn from sj'plulj*; tend to be more sudden in on'^et nnd attsoemted 
uith more mpid and greater fliictiwtJons both m extent and iiitensitv than occur m 
tiunour cases Tlie prognosis is furlj good jf the correct diagno'Jis is made at an early 
stage, and in this respect jierimctr^ can be of «ome assistance Softenings due to 
s\ plniitic or other a ascular disease occur, but are not common The defects produced 
appear siiddenU or rapulH and remaui pennanent 

InfuF 

Homonymous defects maj occur in rare cases after indirect injur} 
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VG&NICDLO^ALCARINE PATHWAY 

A t and abo%e the le^el of the lateral geniculate body hoinon3Tnous hemianopia 
of geniculo calcarine type w produced ^ anj interference with the ^T?ual path Vi ithin 
the limits of the affected half fields the defects may vary greatly in respect of position, 
shape, sire, and mtensity but, with the exception of the temporal crescent, are alwa) s 
congruous and simultaneous Anv defect in one field ls accompanied by another in the 
homonymous half field of the other eje simultaneous in onset, similar in position and 
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identical in size, shape, intensiU and behaviour In other words, a suprageniciilate 
field defect is a smgle defect of the binocular field The onset maj be sudden or gradual, 
the course mobile or stitionarj, and the duration temporar)^ or permanent These 
variations reflect the nature of the causal lesion, and ise mav regard as typical of geniculo 
calcarine lienuanopia the field chinges common!) produced by occipital vascular 
obstruction, sudden in onset, stationary and often complete and absolute, or showing 
more or less recoaery congruous and mth well marked sparmg of the fixation area, in 
contradatinction to the gradual, progressive uneven, incongnions suhgeniculate tjpe 
The determination of the site of interference, w hich may be m the lateral geniculate 
body, the optic radiation or the visual cortex is guided by the study of the cliaracters 
of the field changes together with any other s) mptoms which may be present 




Fio 222. — ^Hostomiocs Coxobcocs Krausom rnoM Pastetjli. Tthocb Note RtSEiiBLixcE to 
IxOTfEvr BnxJiKtEiL HesoucoriA (Fic IW) B V { I* ^ I (C , 1013 i 

In the anterior part of its course the optic radiation is closely related to other uene 
tracts so that hemianopia due to lesions of this portion forms one of seieral sjmptonis 
of ner^e interference Behind the level of the post-central gj’rus hemianopn, especiallv 
'^left hemianopia, may occur as an isolated symptom, and maj be due to damage to the 
optic radiation or visual cortex ^part from associated symptoms there is httle in 
the nature of the field changes which can be relied upon to distmgmsh hemianopia due 
to a lesion of the optic radiation from one depending on an aSection of the cortex or to 
indicate the lev el at which the radiation is mvolved It has been found bj Lenz that 
Vspanng of the fixation area is less common the more anterior the lesion, an obse rv atip n 
w hich indicates the greater liability of the optic radiation to complete obstruction w here 
It IS most concentrated To a large extent therefore the detenmnation o1 the antero 
posterior level of the interference in the path depends on the presence or ab-^ence of 
associated sjmiptoms Moreover, hemianopia as ai^'Ts^ted symptom is so rarely due 
to a lesion of the optic radiation, and so frequentlj to one of the occipital cortex, or rath er 
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Fio 2‘’3— RroiiT Lower QuiDiUNx Homonyuoos HEUUKom due to Tuisoun (Mevincjosh) jvvolvixo 
P oSTEStOR TUtFORiU. A'lD LOWEB PABIETAt AREAS OF LEFT SIDE COMPRSSSIRO TRE OFTIO RADIATION 
Illustrfttmg a Urge tumour producing field changes, of which tho patient was quite unanarFi (is almost the only 
sign Immediately before operation, nine days later transient complete hcmianopn developed Objects efn 
iiii> TsW Wind spot jISff VR and L | plua ITie other signs were slight aphasia, eecMioml faeinj spasms 
and papillcedema (J 8 . U/S/i5 ) 



Fig 224 — Drawings sittplied sy Mb Nobmab Don, saownra PosmOK of Tdjioitr cadsinq Fieid Changes 
m PKs 233 

A Lateral aspect of tumour B JleJatjon to optio radiatiOD, compressing upper portion especially (JS.,J925) 


of the cortex plus the subcortical white matter, that the lesion may be supposed to be in 
the latter position unless there is some evidence, such as a wound, to indicate the formw. 

Roenne has, however, pointed out that quadrant homianopia with rectilinear 
delimitation along the vertical and horizontal meridians of the field is to be regarded as 
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Sited fMts zsucii smaller Objects A‘s< tA( 

A }eai later fields reported normal . V J (J S.S5/l)/3$) 
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Pio 2^0 — Tnj! SAifJt niLKS as Fro 225 mss l^rts 
Lower rielit homon} moiu partial quadrant hetniaDopia still Kmaininj; 

R\ ,LV,i Objects .Ij, il*. The defect was moredefinitclyqundrantal with ttSf re<l 

(J S,1P3I) 

title to a lesion of the radiation, >\lule irregularity of outline and steepness of the margins 
indicate cortical_damagc. 

The ^ ertical relationship of the lesion to the visual path is more easily determined. 
Since the visual fibres preser.'C their relative positions hetiteen the eAternal geniculate 
body and the occipital cortex, a lo\i field defect will indicate a high lesion and ^^ce \ersa. 

The diagnosis of the nature of the causal lesion is based upon the onset, course and 
intensity of the field defects. The most cwninon causes are vascular changes, t umo urs 
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and abscesses \\liicli act either by interfering with t!ic nutrition of tlic nerve elements 
to a greater or less extent, or by destroying them. In the former case function is 
unpaired, but not permanently abrogated ; in the latter absolute and pennanent func- 
tional loss ensues. When the onset is sudden the causation is usually vascular, and may 
be due to thrombosis, lucmorrhagc or embolism. Frequently the defect is severe at first 
(there may be initial blindness) and improves to a certain extent, the permanent field 
change representing tlie amount of destruction. Sudden relative licmianopia may be 
ascribed to partial impairment of nutrition by lucmorrhagc or oedema, pressing upon but 
not destroying the visual fibres as in the transient liemianopia which may accompany 
hemiplegia. Transient hcmianoiua may also be prorliiccd by angiospasm, which is also 
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regarded as the cause of recurrent temporary licmianopia in migraine. It is doubtful 
whether permanent homonymous bemianopia is ever a sequel of true migraine though it 
may, of course, be caused by a fesion which afso produces symptoms which resembfo 
those of migraine. 

When the onset is gradual and the course progrevsi\c, tumour or abscess is indic.itcd 
and the position, extent, intensity and course of the field changes reflect the .same 
features in the lesion. As the brain accommodates itself to some extent to distortion 
from a tumour, especially if slow-growing, the sw'elling may reach a considerable sbe, 
depending on its situation, before field changes arc produced which for this reason iniy 
be a ^elati^cly late symptom w hen the s isu.nl path is not jirimarily involved. Owing 
to the gradual onset the patient is often unaware of the commencement of tlie <lcfect 
whcre.ns lie usualU notices immediately the licmianopia caused by a vascular lesion. 
The more carefully the fields are testetl with small visual angles in the early stages of 
siLspccted cases, the .sooner will the presence of field changes be detecteil. 



SUPBACHIASJIAL PATH 267 

Ijat^ Genicalaie Bod; 

Isolated lesions confi]?ed to this nucleus are extremely rare, and as far as is icnou-n 
no distinctive perimetric signs are produced. Sjrphilis, softenings, Iiferaorrhages and 
tumours affecting the neighbouring structures may involve this part of the ner\'e path 
d^ectly or indirectly. The upper part of the nucleus, being nearer the common site of 
bfemorrhages, is more exposed to permanent damage. Both lateral geniculate bodies 
may be affected at the same time by syphilitic arterial degeneration {Slackenzie 274). 

Incongruous homonymous hemianopia is produced corresponding to the extent of 
the interference with conduction. The defect may be complete at first, jesolviiig later 
into an inferior quadrant bemianopia as the lower portion of the visual path becomes 
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relieved from pressure. Smce tlie termm4ation of the tract or the beginning of the optic 
radiation may also be affected, it is not possible to diagnose interference with the geni- 
culate body alone during life, though a lesion of the visual path in or near the posterior 
part of the internal capsule may be indicated (Malbrau 277). 

Optic RadiatioD and Occipital Tisaal Cortex 

Lesions of the internal capsule, especially if deep, may produce hemiaiiopia irith 
associated symptoms of scnson-motor interference. 

Affections of the parietal lobe, if low enough, may cause homonymous defects 
varying from impairment of the inferior quadrants to a complete hemianopia. Relative 
homonymous hemianopia affecting the fixation area sufficiently to interfere with reading 
and existing for six months before the appearance of other symptoms has been recorded 
by Throckmorton in a case of tumour of the parietal lobe, and other similar cases have 
been observed. 

Spellings of the temporal lobe such as tumour or abscess involve the visual path 
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Fio 22J— Sure Fields 4S Fio 228 focb days lateb snowtso Paiitul Pecotebt of a Qcadba^ 
AOdjtjonal field for »*,% endoael by broken line {Mn , 21/6/22 ) 



Fio esO— S ame Iielm as Fic 228 TiiniTrsix days later 


The tcnipf ril crescent in the left field hu rccoTpreel cans n" the quadrant defect to appear as a quadrant tcotoma 
In the n"ht naiial fiel 1 it appears as a complele qaaijrant loaa a nee there is do peripheral area corresponding to 
the temporal crescent Objccta jY» tis Scotoma/,*, (Mn *10 7/’“*) 

b> pressure on the tract or, if sufficiently deep and extensive on the lateral geniculate 
bod} or the optic radiation at or near its beginning IIomon}Tnous field defects are 
very coramon and of great \alue in diagnosis Tract interference from this cause has 
alroadv been referred to and uouhl apjtear to bs the usual form of visual interference 
Suprageniculate bemianopia due to a lesion in this area presents no special perimetric 
features 

Posterior to the parietal region the optic radiation is not frequent!} affected ivithout 
a«sociatecl m\ ol\ cment of the cortex except b} limmorrhage, and m some cases of injury 
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Fjo 231 — PAfiTLit HoMO'miavs Brurttoru 

Patieot sged 26 A weeV. preTiously lift heoupareau lasting ten nunotes followed by hemianopu which mnaioed 
Dugnoau Artenal ip&sm (t) In good healtit May, 1937 
RV| L.T.* Objects ,i,. n'„ (GR.I927J 
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and in the early stages of tumour In radiation mterference due to tumour the 
hemamopia begins slov, ly and gradually and is at first of ^ erj' low intensity. onset 
may not be noticed by the patient. 

In the occipital lobe both the cortex and the subjacent u hite matter are commonly 
involved together unless the lesion is minute Frequently the lesion is extensive and the 
hemianopia complete with sparing of the fixation area. The usual form is that due to 
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Fixation area spared on each si Ic Objects i!s There was nuclear cataract in the left ejt, which caased 
the field to appear contracted RV | LV counboij fiogen at 3 n (6d,3D33) 
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The defects were absolute and steep edged and probably cortical m ongm The only symptom was d iEculty 
In reading ll \ LV| (JS^ISOO) 

occlusion of the calcarine artery and occurs suddenly or rapidly It may occur during 
sleep or at any time. General s3TTiptoms are frequently associated and, when the patient 
IS ^\ell enough to have the fields examined, complete and absolute hemianopia with 
central sparing will usually be found In other cases the hemianopia is incomplete or 
relative or both Recovery takes place slowly and traces may persist m the central 
field after a year (Rig 232) Transient hemianopia may be due to arterial spasm 

In incomplete examples due to cortical damage the defects are more peripheral 
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when the le'^ion is in the anterior part of the cortical \nsual area, and more central the 
nearer it is to the occipital pole Homonymous quadrant defects are referable to damage 
to the upper or lower Iip of the calcanne sulcus or to the upper or louer segment of the 
radiation Onl^ a narrows sector m each field maj be affected or a quadrant or rather 
more, the defects differing from complete hemianopia onlj in e'rtent Sometimes the 
unpaired portion of the temporal field is intact or onl} relatively impaired, indicatmg 
that the le^iion does not mvoh e the most medial fibres of the radiation or, if cortical, 
does not extend to the anterior limit of the visual area Holmes (187) has pointed out 
that the remarkably clean cut straight horizontal margin of such defects in injuries of 



Fio 235 
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CeSTUL lIOMO'fTJJOtS IIEIOANOPIC Oc*^^USnC ScoTOSUTA REFERABLE TO Sfl’WTE LeSIOX 
/V Lrrr \L*ctxi» Cortej 

2 part Field for » normal In extent Scotomata almost absolute (Ilf 10'3 ) 



lio "30 Central Homonvmocs He iia>owc CoNCHcotrs Scotohata Female aqe 34 Right axd Lrrr 

riELIIS SBOWM GOHBIXED 

quarn*! »n ■whicli »ho wasyfabbeil in tbeabouldcr tliepal ent foand difficulty in read ng ^cotonistaare 
al^olute eteep-edged and exactly congruaus ! 1*' -A 1041) 
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the radiation indicates the possibility that the fibres corresponding to the upper and 
lower retinal quadrants maj be separated by an anatomical interval, a view supported 
by Eoenne (344, 350), who thinks that such an interval exists and is occupied by the 
macular fibres In the case of the cortex there is no anatomical reason why a quadrant 
defect should have a clean cut straight horizontal boundary and homonymous bemianopic 
quadrant defects mth irregular outlines and steep edges raa} therefore be regarded as of 
cortical origin There is also evidence that the field along the vertical meridian corre 
spends to the superficial part of the visual cortex, while the part along the horizontal 
meridian corresponds to the bottom of the calcarine sulcus 

Though no form of field defect is pathognomonic of a cortical lesion the pre'ence of 
small central homonymous hemianopic scotomata is very suggestive of cortical or sub 


L R 




Fio 237 — Biuteril Houovtmous Cosobcocs HEU]A>om 
On the right side the upper quadrant u affected and the upper part oi the lower quadrant On the left side the 
lower quMrant In addition there is general depression of the fields Vi;>iori K and L $ Object and 

f'he optic discs were healthy in appearance The Geld defects were found ten weela after an acute attack of 
ependymomeningitis probably meningococcal Damage to the wads of the lateral Tentncl» ascertained by 
ventnculography Impairment of memory present but dysphasia and other signs of cortical interference absent 
(A 'M 1041 ) (With acknowledgments to hlr I'lOnnanDMt) 


cortical damage if they occur suddenly m otherivise normal fields and without other 
symptoms They may occur spontaneously or after mjurj, and usually affect the 
apex of one quadrant only They are usually isolated, but may be associated with areas 
of less mtense defect, and the fixation area is involved in most cases though often onlj 
by a narrow tongue Central vision is nevertheless usually good as only part of the 
fixation area is affected, but readmg or figuring may be unpaired according to the poai 
tion of the scotoma The fixation area is sometimes, but rarely, spared Small homon} 
mous paracentral scotomata (Fig 234), m which the symptoms are similar but the area 
along the vertical meridian is unaffected, are also found In such cases the question of 
sparing of the fixation area does not arise Very few of these defects have been exhaus 
tively exammed by quantitative penmetiy More peripheral!} situated homon}Tnous 
scotomata presumably occur, but are unlikely to be detected as they do not attract 


Fio £39 — OtciPiTAi, jKjcsr {Saitt, I^cmkst) Bblatbrii:, Ikteoior IlEiaAiOHo 
QinijRAST Scotomata Cordo’* Holmes 
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EACH AXALYSED IVTO TwO Q(rADBA*^r SCOTOlUTA OP DlFTEREVT ISCTEXSITIES. GOKIpOV IIoUfEI 


attention. WTiile such defects may theoretically be caused by a lesion anywhere in the 
suprachiasmal part of the pathway the historj*, character and course suggest that the 
cause is vascular and the site cortical or sub-cortical, for example, obstruction of a 
small vessel in the tip of the occipital lobe after it has left the pial anastomosis and 
pierced the cortex. Some cases are due to injurj’ (Figs 240, 244) and others have been 
reported in uraemia (Salus, 359), As the suprachiasmal path is more spread out at this 
part than at any other minute isolated non-progre.ssive defects of this type are more 
likely to be produced by lesions here than at a lower level. 

Apart from these scotomata, sparing of the fi.xation area is almost constant in 
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I’lO 24). — DESTBrcnoB or Sctctiob Pobtions op Optic Baommo’ss or sora S/»zt 
Y R ^iro L /j CORDOB Holmes 


pital hemianopias of vascular origiiij and is more extensive and more complete than 
^geniculate hemianopia. The spared area is usually less than 5® in extent but may 
nore, and has been foiuid occasionally to extend upwards or downwards or in both 
ctions along the vertical meridian for some distance merging into the overshot field, 
cli attains its fullest expression in exceptional cases where the sparing extends to the 
iphery both above and below. The bomidai^' for colour conforms nearly always to 
t for white. »Sometimes the sparing is not present at first, but appears in a fe«' days. 
i most probable explanation is the double vascular supply of the tip of the occipital 
e, but the possibility of an error of observation should not be forgotten and the exact 
iditions should be worked out on the screen. 

Ihlateral homonymous hemianopia is usually due to lesions of the cortex or radia- 
ns X’roduced by vascular disease or in j ug *. . It may also be produced by ependyraitis 
the lateral ventricles (Fig. 237). In cases due to hfcraorrhage or obstruction the 
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no "4 — I»JCB\ TO Lower Port ok or Leit Optio Raduhow VR *no L g 
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two sides may be affected m sequence or rarely simultaneously Frequently only a 
mmute central field remains corresponding to the bilateral sparmg of the fixation area 
In about a quarter of the cases (Lenz) complete blindness remams In others the 
most varied field pictures result as all degrees of incomplete or relative defect may 
be produced on the two sides in different combinations (lig 238) 

These differences when present sometimes enable fields of this kind to be split up 
by analysis into two hemianopias showing their true nature even when only very small 
central fields are present 

Bilateral homonymous hemianopic central scotomata without peripheral changes 
have not been recorded except in connection with injury of both occipital lobes alone 
In such cases various combinations of bilateral homonymous quadrantic central scoto 
mata with intact peripheral fields have been found (Fig 239) 

War injuries have proved a fruitful source of bilateral hemianopias and much of 
our knowledge of the occipital visual centre has been derived from the study of the fields 
in occipital wounds The relation of the field defects to the anatomical position of the 
injury is very exact Transverse bullet wounds frequently produce horizontal hemia 
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Fia. 243 —pARTui. Ho^io'^tmocs I/)we» QriDiuTr HEMiA*«ofu. rsov Kjcbv 
lo 1018 tfimshol wound of left opfipr oceipiul repion tlose to middle line fcubsrqucut attacks of hemumopio 
hallucinationa and keadacbe Uiagnosia Corticat c>catri«ation HV, LV, J Objects s}ft ta'itii 



Fio 244.— Lrrr Lower Homo’stmocs Co^csrois AtsOLCTEHonA'NOFic Pcotoua from Occipital Gosnor 
WoPWP IS 1917 (lll\OCt LAR ) 

RV. J LV. J. Objects sJ?,. ,,',u (G.1W3) 


nopia, due to damage to the visual area or its fibres on each side, a bilateral quadrant 
hemiauopia (Fig. 241). The lower fields are nearly always affected as transverse bullet 
wounds involving the lower part of the visual area are usually fatal o\ving to the 
proxinuty of the large blood suiuses. Oblique transverse wounds produce field changes 
similarly corresponding to the parts of the visual area destroyed. 

Homonymous hemianopia, whether uni- or bilateral, resulting from injury to the 
occipital lobes is much more coraraonly associated with involvement of the fixation area 
than when it is due to vascular disease. 
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The usual cause of occipital hemianopia is softening due to arterial obstruction 
As in migraine the obstruction may be temporary and due to angiospasm Haemorrhage 
is less common here than more anteriorly When complete blindness resolving into 
homonymous Jiemianopia occurs haemorrliage is suggested, the initial disturbance having 
affected the opposite visual centre by pressure Sparing of the fixation area developing 
after initial division of the central area also indicates a vascular lesion whereas gradually 
ansmg division of the central area in a hemianopia which originally showed sparing 
suggests tumour 

A tumour in the occipital lobe may produce hemianopia as an isolated symptom 
Growths may affect both visual centres by extension or pressure, so that blindness 
developing out of hemianopia suggests this form of lesion 

In hemianopia due to occipital lobe tumours, according to Horrax and Putnam (190) 
sparing is three times as frequent as division of the central area Homonymous lower 
quadrant defects are common and upper quadrant defects rare The defects arc always 
congruous and the area of the field which they occupy is of variable extent In tumour 
of the temporal lobe, on the other hand, upper quadrant defects are the more common 
they are incongruous and tend to be right angled Johnson (214) found that hemianopia 
due to an occipital, or a frontal, lobe tumour was more liJcely to be complete than incom 
plete and that temporal lobe tumours cause quadrant hemianopia much more frequently 
than occipital lobe tumours 

Homonymous hemianopia was found by Uhthoff m 9 per cent of abscesses of the 
cerebrum, more than half of which were in the occipital lobe 

The prognosis as to recovery is improved if it is found that field areas previously 
blind begin to obtain vision for moving and large objects Recovery commences in a 
part of the field which corresponds to the periphery of the lesion and colour vision is the 
last to be restored 
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rUNCTIONAIi CIL^GES IN THE FIELD OF MSION 

Fifld clnn^es are fundioml are those uhicli ire caused not by orginic 

lesions of the oculo calcarine Msual path but b) disordered or inefficient action of parts 
of tiie brain at a much higher le\el The interference is mth the udl of the patient 
and such functions as perception, appreciation attention, and response are inaolved, 
m other words it is the patient who is at fault and not his visual mechanism The 
characters of field changes produced b} this kind of interference wall therefore rellect 
the features of a disordered psjche, and not those of the anatomical structure of the 
% isual path or of the organic lesions which ma> affect it 

Functional field changes may be divided into those winch are manifestations of 
what IS known as neurasthenia and those associated ivith what is called h}steria, tenns 
which fdule ih tmeux for practical pm7>oses sat)sfactoril> indicate two sufficiently 
cliancteristic symptom groups ‘\^^llle pronounccil examples are typical of one condi 
tjon or the other, doubtful or borderline cases are common and hysterics arc often 
neuMstlienjc while neurasthc/ncs are always suggestible 

In whatever way produced the visual symptoms, though presenting more or le«s 
distinctive features exhibit peculiarities, inconsistencies, and incompatibilities of a 
hroadlv similar nature w Inch onlr require to be discovered to be recognised In addition 
there may be an element of wilful simulation on the part of tlie subject, b\ which field 
changes of similar cliaracter may be imitated and the possibility of the coexistence of 
an organic lesion of the vasual path should not be forgotten 

These functional field changes depend upon suggestion and this in its turn may he 
due to some injury, slight or severe or to the results of illness or overstrain, or to some 
mental impression The manner m which a perimctnc examination is earned out, the 
inctliod used and the personality and attitude of the penmetnst are factors of great 
importance If the evamination is undertaken in order to demonstrate a certain held 
change the q_uest is not unlikely to be successful This aspect of perimetry has been 
clearly indicated by Roenne, wlio v^Titcs It is a peculiarity of perimetry that its 
outward technique is so simple as apparentlv to make no demand but to he feasible 
for the least expeneneed assistant of a clinic, and vet of all ophthalmic examinations 
it IS perhaps the one which in reality requires the most experience and detachment ’ 
The penmetnst must therefore be thoroughh alive to the possibilitv of producing 
functional defects either alone or, what is more senous as more apt to mislead as mo<li 
fications of evisting organic defects 

The most common functional field defects are general depression and concentric 
contraction, rev ersal of the colour fields (the blue field Iv mg vi ithm the red) or interlacing 
of their boundaries and some forms of ring scotoma 

An interesting manifestation, which occasionalh develops when colour tests are 
being used, is the naming of a colour by its complementary when it is dimly or doubt 
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fully seen. Thus red is called red in field areas where it is well seen ; in adjoining areas 
where the red colour is doubtful the response of green may be gi\'eu by the patient. This 
phenomenon may also arise wliere there is an oiganic lesion such as tabes or tobacco 
amblyopia, and is probably due merely to over-anxiety on the part of the patient to 
reply correctly. 

Hemianoplc defects are rare, but may be found in patients wbo have in some way 
learned about sueb conditions : scotomata other than ring scotomata have only excep- 
tionally been reported. Central scotoma is never simulated by an hysteric. I have 
produced a blind spot correct as to ri2e, shape and distance from the fLxation point on 
the nasal side of the field in a patient in whom I had immediately beforehand demon- 
strated the true blind spot on the other side of the same field. The suggested defect 
disappeared very rapidly. 

These changes occur alike, though with some modifications, in neurasthenic and 
hysterical conditions, and no hard and fast line between the two can be drawn. When 
perimetric findings suggest that a fuuctional element is present, repeated tests sliould 
be made. Care must be taken not to mistake the efiects of mere nervousness, anxiety» 
or misunderstanding of the nat\irc and object of the examination for pathological field 
changes. X little time to enable the patient to feel at ease and gain confidence often 
enlarges fields at first apparently contracted. 

Slight or moderate depression of the fields may also be due to impaired cerebration 
depending on physical enfeebleraent or disease, such ns cerebral arterio-sclerosis. Field 
changes of this type may be encountered when the examination makes relatively heavy 
demands upon the faculties of the patient, as, for e.xample, when certain elderly patients 
are tested aith small visual angles. The possibility of this causation should bo borne 
in mind, and such changes should not be confused with the effects of psychical disorder 
on the one hand or those of disease of the visual path on the other. 

Alterations in the visual fields are of great value in the diagnosis of functional 
conditions and arc regarded as pathognomonic by some observers. Perimetry is also 
useful in prognosis as the state of the fields tends to vary with the condition of the 
patient. It should, however, always be remembered that there is no essentia! difference 
between neurasthenia and hysteria and that the field changes are in reality detennined 
by suggestion in both conditions. TIius there is no special field change which is typical 
of functional conditions, as Roenne points out, what appears to be t)*pical is merely the 
consistent way in which the hysteric reacts to the same form of examination. This 
conception also explains the varying results whicli may be obtained by different observers 
— each tends to get liis own reaction. 


Kearastbenia 

In ncurastbenia or anxiety neurosis or tnuunatic neurosis the fields are charac- 
terised by instability and exhaustion. The field usually appears somewhat contracted 
to begin vritb, and during the examination soon shrinks further, and if the test be recom- 
menced vrith a much larger object the field may be a little wider at first, but rapidl}* 
contracts again. Thus, if tlie test-object is moved radially and centripetally in successive 
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Fro 24S SmuL Fields 4Via NEnEisTnE*tu Cortaicroo Spibal (Healt) 
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Objoct«T{„,}, R\,L.V. : (A.!015) 


nierklians, continuing the process until a constant result is obtained for each meridian, 
a contracting or inward spiral is produced on the chart terminating in a more or less 
small central field. If the two opposite ends of the vertical and horizontal meridians be 
tested and then the ends of the intermediate meridians (45“ and 135°), and the eight 
resulting points joined, the figure on the chart resembles a four-pointed star. Or the 
ends of a single meridian, the horizontal for preference, may be successively tested when 
it will be found that the limits at each side become more restricted at each trial. 

It is characteristic that when one field has been tested to the limit of reduction 
the field of the other eye will be found to be already contracted, and this may be verified 
on a subsequent occasion by testing the fields in the re\ erse order. 
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The classical “ eximustion ” or " fatigue ” fields and " oscillatuig ” fields belong to 
the same group of phenomena, and have in themselves no special value or significance 
apart from the indication of functional disturbance winch thep afford The osciHatuirr 
\anet 3 , m which the test object appears and disappears at mtervals along the \arioua 
meridians, maj be elicited m a more daborated form as mnltiple concentric nng seoto 
mata This might almost be compared to a stammermg of perception and occurs 
alv,a\s at the periphery of the field {whether contracted or not), lle^e^ m the central 
area 

The extent of the field may he enlarged b} stimulatmg the patient to try hard and 
by other suggestive measures, so that an expandmg instead of a contractmg spiral maj 
be produced These contrary spirals were noted by Fuchs in 1900, and have been noted 
by other observers more recently Hurst and Symns pomt out that thej can be pro 
duced by moaong the test object centnfugally Von Reuss foimd the spirals more easily 
ehcited with white than with colour and found blue the best colour for the purpose. 

In neurasthenia the patient ls partially suggested, and the field changes are mobile 
and alter dunng exammation The evidence of expanding spirals, and of the result 
of testing one field upon the field of the other eye shows that there is no retinal fatigpe 
and that the symptoms haae a central ongui 

llany neurasthenics especially those with traumatic neurosis are very suggestible 
and subconsciously, if not also to some extent consciously, anxious to displav some 
kind of defect or peculianty m response to every form of examination 

Fields of this type, though less pronounced m degree are not mfrequently found 
in patients who are in any way enfeebled or ‘ nin down ” without being definitely 
neurasthenic m the sense usually understood 

Elmers’ nystagmus is a condition which, e'en though possibly not of purely psycho 
genic origin, presents a symptom complex of definitely psychogenic type The fields 
of vision show all the characters described above and the exammation of the fields was 
advocated by Cridland to estimate the completeness of recovery after the objectue 
symptoms had disappeared In cases of neurasthenia among soldiers which present 
similar syTnptoms but wathout the uystagmus the estimation of the seventy of the 
affection by testmg the rapidity and amount of the field contraction was proposed by 
Healy In both cases, however, the results obtained will depend to a considerable 
extent on the personahty of the examiner 

Astern 

Tile typical field clnnge found by ordinary perimetric examination is concentric 
contraction, which remams more or less unalter^ m extent when examined at different 
distances or with objects of different siz^ The field is, therefore, tubular in type, ti 
form which is necessarily of subjective ongin The defect is present when the examma 
tion begins, and is usually constant while the test is proceedmg, unless altered by sugges 
tion, but tends to vary considerably on different occasions Although the fields luaa 
be evtremeh contracted, central vision is often ^od, or m other cases any degree 
of amblyopia may be present Vben no determimng cause can be disco' ered as 
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often the case m female subjects, the contraction is usually bilateral and symmetrical 
^Vhen one eye has been injured the extent and intensity of the defect may be different 
in the iw o fields A spurious hemianopia may be present, the patient bemg convinced 
that he must be bimd ton ards the side of the real or supposed defect The fact that 
compensation is paid for the loss of an cje often impresses a subject {eg , workman) 
that there must be a defect towards that side, as he argues that he is not being paid 
compensation for nothing The binocular field may be affected, although one umocular 
field IS nearly or quite intact (e g , homonymous hemianopia binocularly with intact field 
of one eye when tested alone) 

The extent of the contraction varies, but is usually considerable and often extreme, 





Flo '’47—fcvi^BOEBiEwr or Buni> Spot w IIystesm 
LV ( Test olijects »!»»—• The feld for is Bfiproximately tho size of the normal 

field and that for j only eI ghtly larger The blind spots are greatly enlarged {W 1972 ) 


SO that the field covers only some J 0° to Stf Tie bhnt] spot may be enlarged, its xnargm 
behaving in the same way as the peripheral limit of the field The edge of the field is 
very steep, and enlarging the test object does not increase its extent more than a little 
if at all The patient may be very de^ite about this feature, and may say that only half 
of a large object such as the hand or a sheet of writing paper, is seen when it is held 
at the alleged boundary This steepness of the edge has sometimes been mistakenly 
interpreted as indicative m itself of an organic lesion It is, on the contrary, extremely 
suggestive of a functional cause in cases m which, on other grounds, functional disturb 
ance is suspected 

The fields in hysteria present evidence of more complete suggestion than in neuras 
thenia, and, as Roenne, Hurst and Symns and others have pointed out, there is no 
characteristic perimetric sign, the changes resulting from tl>e patient’s imagination 
together with the method of exammation 
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ITOC^O^^AL CHAKGES Ef THE HELD OF '^TSION 

■{ ■p!h^ following cases are typical examples — 

I — ^31rs C G , age 25, married three jcars, no chiUlren Four \\eeks preMously 
headaches and bad \'ision which Ime continued Examination disclosed no objective 
signs of disease of anv kind Pronounced tenderness on pressure was found over both 
ejeballs , vision \aried from “ to ^ on different occasions Both fields were greatly 
contracted At 330 nun ^vlth 30 mm object field about 30° , with 60 mm about 33° 
this object coming bit b} bit into sight as it crossed the field Imut , an effort at suggestion 
then mcreased the 30 mm field to about 43°, and subsequently the 60 mm field was 
found to be even smaller than before On the screen at 2 000 mm a sheet of paper 
about 10 inches square, ivas not seen until nitbm 20° of the fixation point Xo loss of 
orientation In this case no cause could be discov ered 

II — ^Mr. IV L complams of a mist before his right e^e since an injury to the cheek 
just below the eye three } ears previousl) Both e} e& qiute normal objectia elj I ision 
left ej e, field nonnal , right ej e, Iiand rao\ emeots close to face, field much restricted 
for large objects The binocular field showed right henuanopia Suggestion v\as 
successful in producing complete cure m about ten minutes 

Diagnosis — It is essential that the penmetrist should be famihar with fimctional 
field defects and able to recognise them They ate easily produced both m normal and 
pathological conditions, and are often mistaken for genume eMdence of the presence of 
organic le^^ions The best method for the student of perunetn is to devote a httle time 
with a susceptible subject to practising the production of such field changes by the use of 
suggestion He will soon appreciate the ease with w hich ho may slip mto or av oid pit- 
falls of tins kind In regard to a subject of this nature, it is impossible to laj down hard 
and fast rules, and the observer must rely la^Iy on his experience and clinical insight 
The most important factor m the diagnosis of these field changes is the recognition 
of inconsistencies in the defects themselves, and between them and the other features 
of the case The history, mode of onset and course of the defects are often helpful 
Before testing the fields central vision should be examined with different siaes of type 
and at different distances to elicit discrepancies and inconsistencies Pronounced 
contraction of both fields with nonnal optic discs and no loss of orientation is very 
suspicious Se^ere depression or blmdiicss of one field, the other being mtact when 
tested alone, associated with depression extewlmg into tlie paired portion of the binocular 
field, in the absence of an e^^de^t lesion or abnormalitj , is conclusive evidence of the 
presence of functional disturbance though not exclusne of an organic defect in the 
blind eje The binocular field should alwajs be tested 

The use of the quantitatue method can practically always be relied upon to clear 
up even the most doubtful case The fields should be exanuned wath perimeter anfi 
screen and different sizes of test objects Koenne (338) recommends a 10 znm object 
at 300 mm followed by a GS mm object at 2,000 mm The visual angle is the same 
m each case, and m organic disease the corresponding fields co\er apjiroximatelj the 
same extent in degrees Or a much smaller visual angle may be used intli the pen 
meter, 5^, for example Xevertheless the screen test nearly ahrajs gives a smaller 
field in functional cases, though sometimes, when the jietmieter field is \erj small, 
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the screen field — with a large object but tbe same or even a smaller visual angle — may be 
larger Tubular fields are well demonstrated with the screen Repetition of the test 
after a short mterval to deterrmne the constancy of the findings is of value especially 
when temporal contraction mterlacmg of the colour fields multiple concentric nng 
scotomata and the like have been elicited On the second occasion the fields should be 
tested m the reverse order so as to note the effect of testing one field upon the other 
Contraction induced in this way is a valuable diagnostic sign 

Steepness of the edge of the field m concentric contraction the test object appeatmg 
suddeni} or if large bit by bit as it crosses the boundary should arouse suspicion that 
the defect is functional 

If it IS attempted in a case of functional contraction to map out several isopters 
for white and colour so as to show the slope of the field difficulty and inconsistency are 
always encountered whereas the process is usually easy m organic disease 

When the patient professes almost complete blmdness the remnant of vision is 
always central never peripheral and the condition superficially resembles the severe 
stage of quinine poisoning The history and the other signs of cmchonism make differen 
tiatiou easy 

Cxreat care must be taken to avoid involuntary suggestion while at tlie «ame time 
the skilful use of suggestion to alter the field may be most valuable More difficulty 
IS presented by cases in which a functional element is associated with or has super 
vened upon an organic lesion such as mjury or multiple sclerosis and genuine field 
changes may be exaggerated or distorted or new ones invented but careful oxammation 
on the lines indicated ^vlll enable the observer to avoid misdiagnosis Neglect to examine 
the fields thoroughly by the quantitative method leads to inadequate demonstration 
of the characters of the defects and therefore to raismterprotation The organic 
origin attributed to the so called bitemporal contraction of pregnancy and to the 
concentric contraction described m chronic nasal sinus disease and the enlargement 
of the field following the administration of strychnine still mentioned in modern 
text-books of pharmacology may be regarded as instances of the results of this 
omission Although central scotoma is never simulated by neurotics it can be 
acquired by sqyuaUwg cbddieii When the yovmg bypeTraetiope witb madequate 
fusion sense is faced rvith the alternative of diplopia or suppression of one image he 
finds himself able to adopt the latter as a means of escape and since only central 
and paracentral vision cause annoyance only a central scotoma is acquired The 
scotoma is central and approximately circular in shape or oval extending towards 
the blind spot wuth its long axis horizontal and is aiway s relative Its size and intensity 
vary wath the degree of depression of vision When vision is ^ or better the scotoma is 
small extending 2° or 3° from the fixation point if the vision is w orse the scotoma is 
larger and more dense In extreme cases the peripheral field may also be affected 
The gradual development of the defect and ite curability — at least m its early stages — 
by covering the other eye are characteristic features This functional scotoma is the 
basis of the so called Amblyopia ex Anopsia and is of interest to the perimetrist in so far 
as its demonstration may be of use m the diagnosis of obscure cases of amblyopia 
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especially those with little or no refractive error and no historj^ of squint. («See Peter, 
ai2 ; IJhthoff. 432 ; Worth, 478.) 

Ill suspected malingering examination of the fields \Nath different visual angles 
and at varying distances wuU often be found useful. The position of the blind spot 
may be utilised (von Szily) for the detection of emulated unilateral blindness. If a 
test-object be placed on the blind spot of the seeing eye, both eyes being open, it can 
only be seen there by the supposedly blind eye. The test should be conducted at such 
a distance, say 2 m., that the projection of the blind spot is large, and it is obvious that 
the co-operation of the patient, not to be rehed upon m such cases, is essential lu regard 
to steady fixation. The exposure of malmgering is, however, no part of the legitimate 
business of perimetry, wliich m this case becomes merely another dodge of the examiner 
to entrap the ignorant and unwary. 
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The I'^opters found for the same or almo^ttliesamevjsual angle by different observers vary considerably 
By making use of \ atiations in the relationship between the aze of the test ob;ect and its distance irom the 
eye the oatiie angle may he obtained in several diffmnt ways, and each imtor has used his own method 
The Table on p 2^ shows the angle, the object and distance use^ and the resulting field The figures are 
arranged in groups corresponding to visual angles of aomewhat similar size , those given for Waldeck, who 
Died square objects, are averaged from his findings 

An examination of these data shows that, a? a rule, where different observers have used similar visual 
angles, the diameter of the te^t-object and its distance from the eje being approximately the same in each 
case, the results obtained agree fairly closely On the other hand, where the same visual angle Las been 
obtained bj larger or smaller objects associated in each case with the appropriate longer or shorter distance 
the field is larger for the shorter distance For etample, practically the same angle as 

yet the field for the latter is considerably larger , the field for la larger than that for and so 
on This relationship, however, only holds good for the smaller visual angle«, and is more noticeable the 
more the angle becomes reduced, t c , the more difficult the object is to see On this ground it may be 
regarded as due to the reduction of illumiuation which occurs when the distance is increased and which 
13 evidently insufficient to produce much effect except m the case of small objects >«o doubt it is tlus 
quality of the «creen examination at 2 000 mm which helps to make it an efficient test in, for example 
retinal detachment 


B The Field for Colouhs 

The isopters for colours given in the Table on p 12 represent averages from six subjects, three male 
and three female, cammed in ordinary winter daylight with colours of the type commonly obtainable m 
paper 

For the most part, the mean in each case lay nearer the smaller than the larger of the extremes, 
BO that the figures given represent a high rather than a low estimate The difference between the 
extremes was often great, especially when the test was difficult as with small visual angles m red and 
green With the larger angles the findings often lay very close together This is a reflex of the difficulty 
expenenced by the subject in giving what is considered to be an accurate response and every penmetnst 
should have ins own field tested with small visual angles m colour, m order to appreciate the patient s 
position 

A feu Control tests carried out with blinds drawn or in the afternoon showed that except m the case 
of Very small visual angles individual differences were much greater than any that could be attributed 
to Variations m illumination such as are commonly met with A not too bright light proved more satis 
factory and made the examination easier since, with strong light, red and green objects moved centnpetally 
took longer to appear coloured This again affected the smaller angles more especially, and the colour, 
green whose white value was too high The relationship foond between the distance of the test-object 
md the size of the field in the case of white objects was present only to a slight degree for colours except on 
the temporal side of the field, where it was pronounced, a much larger field being obtained at the shorter 
distance, the visual angles u«ied being approximately equal in each case For example, (angle 20 8') 
gavea field for each colour nearly equal to, in some meridians smaller than, that for (angle 17 2') except 
on the temporal side, and here the difference was pronounced for blue, sbghtly less for red and greatly 
reduced for green This suggests that, in this case, the jncrei^e in illumination produced by reducing the 
distance is responsible for the small fields at tbe short radius by rendering the hue less distinct through 
accentuation of the white element It was al o noticed that a dark glass increased the field for green for 
the small visual angles at 330 mm More research is requited in connection with the isopters both for 
white and colours hut the conclusion seems clear that with the ordinary tests, both white and coloured 
and m tbe usual circumstances of the consulting room or hospital clinic, we are not entitled to assume 
that equal Visual angles give more than approximately equal fields 

All the subjects found that as the object travelled from periphery to centre it became coloured, lost 
Its colour, then regained it, the hue increasing m intensity up to the fiaation point— that is to saj , for ea^ 
colour and for each size of object there was a ring scotoma at the periphery of the field for that visual angle 
The figures are, of course, taken from the point of permanent appearance of the colour It is possible that 
an exaggerated degree of this functional ting scotoma may be the underlying factor in connection with some 
of the reported forms of peripheral nng scotoma < d 

For comparison, the data found by some otter observe« may be quoted here Tbe following figures 
are from various sources — 
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Roenne found the field for red (114 ) equal to or rather less than that for ,^55 uhite (17 } that 
ii near)} tie maximum field 

In the binocular field it u as found that the figures were slightly larger for the paired portion but smaller 
if anything for the unpaired part for small Kite objects as well is for colour It was found more difficult to 
detect colour at the temporal periphery if the eye not concerned was open than i/it was «hut >o evidence 
SI as found in support of binocular intensification in the sense indicated by Gowers t e temporal enlarge 
ment of the field owing to the unstimulated eye being open As regards the sexes the fields appeared 
to be ver^ nearly equal Tie figures for the females ncre rather higher at 2 000 mm , and tho«e for the 
males at 330 mm and no indication was found that one sex had larger colour fields than tie other 

Although examination with smalt visual angles m white can provide much of the mformation to he 
gained from colour testing the latter is a useful clinical method and often of great service Its salue and 
reliability in the insestigation of disease is much greater than can be estimated from a study of the results 
obtained under normal conditions 

For mfoimstion regarding phjrsiologically pure colours and the clinical results obtained by their 
use the papers by Pngelking EngeUnng and Eclutem and Aulamo (14 97 100) may be consulted 


n The Blind Spot 
1 Position Shape and Dimensions 


Observer 

Distance f m 
Tisaton Pont 

D sUoce of Centre belov 
Hot ZODUl ' 

\ ert cal 
Diameter 1 

Honronul 

Diameter 

Van der Hoeve 

15" 33 47* 

1" 40 41' 

7" 26 

5*42 5/ 


15" 49 

1® "O d , . 

7*40 

i 5" 28 . 

Traquair 

I5'»27 sr' 


7° 17 1 

5"7 5- ' 


The position of the blind spot somewhat below the horizontal meridian of the visual field correspond* 
to a position of the optic disc slightly above — not below as sometimes stated — the hoiizontal meridian of 
the eye It is legitimate to infer that tbe pontron of tie optic disc when the eye js in use is above the 
horizontal meridian This is its physiological position and it may be presumed that its anatom cal 
position IS nearly the same 

The oval outline does not correspond to the shape of the optic nerve head as seen in the dissected 
eye No doubt the sertical elongation is referable to the presence of the large vessels at the superior and 
inferior poles of the disc though it js not certain that this is the *ole cause 

2 The Amblyopic ^\e 

This narrow marginal haul of relative bbnlness surrounding the blind spot was onginallv demon 
strated by Bjermm Its width and intensity are not yet definite!) established Sinclair using a 1 mm 
white object at 2 m (1 Angle = 17) found this zone to be approximately 1° wide, and also demonstrable 
with colours ^ an der lloeve U'lng larger vj«nal angle* found a zone of J® to of relative blindness for 
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white, and to I® of relatne blmdne<s for colours Haycraft, who used colours of equal luminosity, found a 
macb rnder area of modified colour perception In this smhij opic zone he found that colours when mored 
centrifogally from the blind spot were recognised lo the order Hue, yellow and green, and lastly red, the 
same colours being perceived in the same order when mo\ed Centnpetally at the periphery of the field 
Thus the outer periphery of the field corresponds m this respect to the margin of the blind spot Haycrnft 
does not «tate the s i«ual angles used 

The writer's ob«ervation3 agree with tho»e ot binclatr Using the «creen at 2 or 4 m , the blind spot 
being first marhed out with a 10 mm or 20 mm object the amblyopic zone is easily demonstrated with a 
i mm or2mm white test respectively With itissomcnhat narrower than with ^\iththe«e 

visual angles it is rarely wider than 1® except at the upper and lower ma^ua of the blind spot The di'cre 
pancics found by various observers are attnbntahlc to the different methods of examination used The 
amblyopic zone is independent of the physiological travel of fixation This can be demonstrated by 
comparing the margin of a stecp-etlged absolute scotoma with that of the blind spot m any case m which 
such a scotoma a normal blind spot, and good fixation arc present 

Jlcasuremcnts have also been nndc by Berens Alatlow, ineze, Eichcnberger, and Feree, Rand and 
entworth whose papers maj be consulted an exhaustive rcvicn of the subject is contributed by Brons 
(«) 



riQ 248 — Scheme or the \ iso*t Path showisc the Omc IUdiation accokdisq to llENscnEX 
ith acknowledgements to the Edinburgh Hcdtral Journal ) 

m. Anatotmcal Relations of the Visual Path 

A brief survey of some anatomical features which influence the causation of field changes may prove 
convement to the reader 

The optic nerve leaves the eyeball at a point about 15 5® t o the medial side of the mac ula liitea and 
slight ly above the liOTizontaLmeridian Its course to the optic foramen is slightly sinuous so that it may 
undergo consi derab le displacement and deformation without functional interference 

•is it ent^ the o ptic forame n the optic nerve is usually rciated to a ptatemr ethmoidal cel) on its 
media] or u pper and inedial side . In the canal the rehtiondnp is asarule ro tue spiu-iioid ^m^ of its own 
8j3e, but may be varied so thaFeither ot both sph e noidal am uses may be concerned An eth 'mo sTtiiepoi dal 
ot anteri or sphenoid al cell may almost surround the optic cana l The canal may be formed of thick or thin 
bone, or* merely membrane at some part, and its contact with the air cells may be very slight, or it may b-’ 
related on all sides to one or more 

At itfun the canal the membranes covering the nerve and the periosteum are closely bound together 
and as the nerve emerges into the cranial cavity it passes abruptly from a «tate of fixation to one of mob Jity 




awerousisnstion^andanoinB. .. 

tsof morbid conditions of the vessels need not be always the ssine as the position of tl e 
branches and the efficiency cf the collateral cireofation may vary in different cases 

From the posterior ends of the optic canals the optic nerves becoming here transversely oval or rather 
pear si aped m section with the rounded side medially slope baclcwards medially, and upwards to the 
chiasma vhere they meet at a comparatively aente angle The intracranial portion of the nerve vanes 
greatly m length from about 4 mm to 21 ram averaging 13 mm and the angle of junction with its fellow 
IS wider when the nerve is short The chiaama lies above and behind the tuberculum Bellas of the sphenoid 
only rarely does its anterior border lie clo«e to or in the optic groove The body of the chiasma lies over 
the po«terior half or two thirds of the hypophysial fossa md is separated from the diaphragms eelto by a 
vertical space of 5 to 10 mm rarely less Its postenor border extends usually^?? percent ) slightly bebin 1 
the level of the dorsum sell® occasionally (4 per cent ) its whole body lies behind the fossa and over and 
behind the dorsum sell® (post Used chiasma) la 5 per cent the chiasmal holy lies anteriorly on the 
optic groove (prefixed cliiasma) and in 12 per Cent it is sitnated directly over the hypophysial foss'i (de 
Schwemitz 85) There is therefore a free tnangnlarspw in front of tie chiasma bounded in front by the 
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T/ie stud/ of horizonta] liemiartopia folfoning occipital uouods in'solvjng both sides has suggested 
(Holme'?, Eoenne) that the fibres related to the upper and lower retinal quadrants are separated in the 
radiations by an anatomical inter\al which contains the macular bundle Cases recorded by other observers 
also lend support to this view 

A description of the optic radiation founded on pathological anatomical observations differing in important details 
from that of Ifcnschen la given by Adolf Jfeyer (286, '87), and illustrated by diagrams « hich appear in papers by Cushing 
(CJ)and Keiffer Meyer diiidcd thoradjation jntodoisal, JatcraJand reatral bundles Thedorso faferal bundles pass 



rto "ol —The Optco Paoutio'« accobdc^c to Mcyeb, saovrno the TnipoaAt. Loop 



Fio 2o’ — T he Optic PanLvnox Accoaoc^o to Acpooct 


directly to the occipital visua corteT the ventral fibres are directed downwards and forwards into Die uncinate region of 
the temporal lobe forming a detour or loop which passes over and round the inferior horn of the lateral ventricle then 
turning sharply backwards along the infenor aspect of the vcntncle to the anterior part of the inferior calcarme corfer The 
d agrams represent the most ventral fibres of this loop as eatending forwards nearly to the tip of the ventncular horn, to 
nithin a short distance of the level of the poslenor margin of the chiasma 

This description diifera matenally from that of Itenacbea m that it represents the vuual fibres as fanning out widelv 
immediately they leave the lateral geniculate body to such an extent that they cover the outer and infenor aspect of 
practically the whole of the lateral Vcntncle belowthe point where ittonwdownwards into the temporal and occipital loben 
whereas according to Ifcnschen — and the hitherto generally accepted view — they form a relatively small compact bundle in 
the anterior part of their course 
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T^^iniV'-ior£('mfoorTHp^2 to (be inferior rHmtqnadnMs anf tberefore (e^Oins of (be anterior part of tbe tem 
fowl lobe jf (Jeep japjr a boisonmoai eapencr qnadra&t fcemUnnpM of ifee oppceiJo ride the pressmpfew 

leia^ that the sie of interference is tn th» temponl lobe • e •apr»<^ftjciil»te Coahin? cJearfT and besn'ifuJJj dejnon 
rteated the isatore and quality of the hofflonyrnoos hemunopta m temporal lobe le»ioRS hot the eloucal eynlence l>rQtt'"hl 
forwarddoescotescjodea snh^nhmlite.u > tract, siTeofmlerfemice m fact iJX»evcraItTspect#,it fayonis thuexp jmitfon 
(Traqoiif -(ftl} 

The existence of rKOsJ fibres in Mrjer * loop »s net arcepferf by the Kaenos liras school “ El concept® de la «tff* o 
Umina optKa de Pfeiffer es taalien erroreo No eststen fibras oPtK-aji m en is rgdiUa temporal m tamnoco en el 2jp*el 
B5ite” (Adrosn'*, 5, p 11) (Fij 2o’ I 

Die cortical n«ntl area occupies the lower Iip of tite catcanne «tilcu^, tbe floor act! Iip<i of the pO't 
calcanne 'ulcu' and the tip of the occipital pole extendinp probahlv only to a «Ijght extent on to the ti tble 
lateral eurftcc of the occipital lobe 

Rec(.nt te^arch has e^tabli hed wtth probable accuracy the projection of the retina upon the occipital 
cortex 



OptK Neire Ch Cbtataia. Tr Tract L.C B La era! Orueulate Body O P Optic lUdutton. 


The following are “otae ol Holme«i' concln'tons which be, howceer, doe^. not regard as fiaal — 
f 1 ) The upper lialf of each retina i< represented in the dorsal [«upenorJ an 1 the lower m the ventral 
[in/enor] put of each inTial area 

(2) The centre for macular or central viMon bcs in the mo^t posterior part of the VL^ual cortex, pro- 

bably on the margins and on the lateral yurfacea of the occipital pole- The macula has not a 
bilateral repre««ntttion 

(3) The centre for vi ion «nb<<fved bv the penpberv of the retime i« situateil in the antenor portions 

of the visual area,, and tbe «enal concentnc lones of the retinx: from the macula to the i>enphei 7 
are probably represented tn thi- onlcr from behmd forwards m the vi tul cortex 
(1) Tho^ portions of the retinrp adjoiring their sertical axes are probably repre-ente^l in the dors-tl 
(eujienor] and Tcrtral [inferior) margins of the visoal area«, while the retina m the neighlsiur 
hood of its horizontal axis projected on to the walls and the floor of the calcarine fissure ” 

W lit sad « ho beJ»Te thy BuevU to h*r^ m biUrcr* corttcaf rrpfe*fnu(R?n puce the jR»<?Ql»r centre 

qj.:eA4far b»cX ihe lip c' the rrejpij*) pole ifcenwwt potterinr pnrt of the suoil area rnniaiomc tbe centra opoatrliKli 
d-peodj ihe num!»r »hm the oj jx»ite ytmi) raotte »» completely de<irov«>i. The moet an etior p»rt raprasents 

t)^ ttntmrad are* at the temporal pertpkory «* tbe Sell tbe oppiraHe eye The radiatioa i« arranseii »«> that the fibre* 
f-e the nripairad area »LKh form a separate bundfr fra medufly and tf me lx the area ef maetdar apantsp Utmll* 
L«ns fylteyea that the ty&maraUr restrrs are rDaneetrdlTcoatsusMiial fabra*. PenfieM. Erans and 3(ac3di!L(n (SCci atio 
that eacision of the pxsiCenor par* of the ietnp>oraI tebe ratisrs homonrnioua bemianopsa wsik diTi*ioo ef the ceairal 
ar<w aberraa in hem^anopu after remoral of the orctpatal lobe th« central araa a tpara^L !f. horeyer the anterior limit 
o' the i&fbion extend* aa far fir«anl» as the ejJewncitiee*^ralaraa w fiisected 



296 


APPENDIX 




Fia 254 —To ilittetrate Tne Corticai Locatiok or tjie Macitub Area Emcr or PuNcrtmED 
WouTD or OccmTAB Pote (Wilbrans, 466 ) 


El B 



Ffetffer holds that the cortical taacular area la wedge shaped with its base at the occipital pole and its apex extending 
for a considerable but varying distance forwards along the post calcanne eulcos 

Adrogu^ (5) believes that central vision is represented widely throughout the viaual cortex and that there is no bilateral 
representation 

It IS believed by some observers that the most penpheral crossed fibres t e , those from the medial 
periphery of the retina which correspond to the nnpair^ part ol the temporal field, or temporal half moon, 
form an isolated bundle throughout their course to the antenor part of the calcanne visual cortex In the 
posterior part of the chiasma they occupy the lateral edge, beyond the uncrossed bundle, and thus theoreti 
cally enable a unilateral temporal field defect to arise from a lateral chiasmal interference (Lenz, 243 ) 
According to P/eiffer these fibres form the infenor part of the optic radiation and curve forwards 
into the temporal lobe as the temporal loop of Me^er 
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Brouwer and Zeeman ha% e found m apes that m the lateral geniculate bo<ly the upper retinal neurones 
lie medially and the lower ones latcrall) The macular netirones occupv n rclatn ely hrge area interposed 
dorsally between the peripheral retinal neurones The neurones from the medial edge of the retina, corre- 
sponding to the unpaired area of the temporal field, occupy the lower margin of the geniculate hodj The 
crossed and uncrossed fibres lie close together 

There a rtill reach difference of opinion among aathorities on rhe whole question of the risusl path, sntJ the subicet n 
too large oml too complicated for dwcussion here (See Adrogu* 6 I^z 214, Henschen 1C8 170 UiiDge \sk Upmark 
rutDAm, Malbron, Lo Gros Clark and others ) 

IV. Sheath and Connective Tissue Pramewotk o! the Optic Nerve 

The optic nerve has dun!, arachnoid, and pial ehcaths The dural sheath is continued forwards from 
the dura mater and blends with the “clera The anclmoid is extremely thin and lies iramedmtelj beneath 
the dura The ma! sheath closely invests the nen c and gives off septa betn cen the fibre bundles fhe ncr\ e 
lies loosely in the dursl and arachnoid sheaths m the orbit, but ts tightly emhneed by them in the optic 
canal, hut not so closely that fluid cannot pass along the sheath from the cranial canty 

A system of trabeculm derived Irotn the pial 'heath divides the fibres into numerous small bundles and 
carries in vessel', exerci'ing in this way a nutntne as wrll as a mechanical function This framework is 
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Fio 260 —The Cov^zctive Tissuv Srercit or the I'cnucitAirut. Tortioji or the Omc Nests 
(UanRA^l> SHi» SsETocft \ou nj 

especially den«o m the most vascular parts of the nerve, the anterior orbital and the foraminal portions 
tn the intracranial portion the nrraugement of the tnbecuto changes and towards the chia'iu'v a will 
marked septum appears, passing obliquelj from the upper surface of tlio nerve downwards and inwards to or 
somewhat below the level of its centre dividing off a siipcro medial group of bundle' This septum cca'cs in 
the antenor part of the chiasma in which the trabecute al<ao disappear No tnberiilTi arc prc'cnt in the 
tracts 

IVilbrand and Saenger bebeie that this network predi'poscs lo neuritis m tJif nerae as the trabecul-D 
become thickened and compress the fibres, which p)aj only a pas'ive role in the infiammatorj process 

A detailed description is given by Bebr (28) who also draws attention to the way in which the anatomical 
structure of the nerae influences the pathological procc'ses which affect it In the bony canal the strong 
connection betneenthe pint and dural sheaths is of significance in the case of fracture of the 'kiill since the 
iierac maj bo compressed or torn at this fixctl point Inflammation, as in sj'philis passes along the septal 
framework and impairs or stops nutrition and dnnng heating cicatricial contraction mav asphvxiate the 
Dctvi. fibres Wicre the framework is more coarsely constructed, as in the intracranial part of the nerae.iii 
which the finer capillary carrying septa arc almost altogether ah«cnt, nutrition is less cflicicnt esiwciallv 
as reganls the papillo mucuhr fibres On this basis an explanation is offered of the Foster Kennedy pjti 
drome, and of the 'cofomata of multiple fclero'isaml of toxic ambhopia 

V. Blood Supply ot the Visual Path 

Only those features which haioa bearing on field defects arc rcfcirwl to liere 

The pigment cells, rods and cones, and outernnclear Jaier of the retina arc noun«heil by the choroidal 
vcv'els which arc ipiito separate from the retmal aessels except where the two sets anastomo-e in the neigh- 
hourhoo<l of the optic di«c The meshes of the chorto-capillans are cspeaallj close and regular iii the 
macular area to which, aceonling to llephurn, a special arterial twig is suppliwl The posterior half of 
the choroid is supplied bj the short ciliar> artenc«, the anterior half bv the recurrent hranehca of the long 
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posterior and the anterior ciliary arteries Postenorij around tlie optic nerve entrance and at tJie anterior 
peripheral part tlie arterial twigs anastomose in the choroid hut the intermediate zone is practically free 
from anastomoses It has been inferred from this that in certain pathological conditions the circulation 
in the intermediate zone is more liable to failure than that in the anterior or posterior portion a view winch 
forms the basis of one of the suggested explanations of the ting «cotoma m retinitis pigmentosa 

The retinal artery and \em emerge from the centre of the phvsiological cup in the optic disc where 
the artery usually bifurcates though it nnj eincr{,e as two or iiioro branches The superior and inferior 
branches di\ ide on or near the edge of the disc at its upper and lower poles leaving the sides, especially the 
lateral side free The course of the arteries follows that of the nerve fibres the superior and inferior 
temporal branches arching o\er and under the macula and sending twigs downwards and upwards towards 
It while the na«al branches run radiallj towards the ora sernta The arrangement of the vessels around the 
macula is best '>een by studying one a own macular area in the dark room bj means of a small electric lamp 
applied to tl e low er eyelid Ilv this means minute vea els can be seen approaching the macula much more 
clo«el} than t in be detected hi < p?tthnltno<coi c inspection Tieboundirj or water 1 ed between the 



lie ’37 — Ducbas JiiTic I EPRESCNTATios Of TUB \AScrtin PAiat OP TUB 1 etisal Artery 

areas supplied by the superior and inferior temporal bnnehes forms a fiith definite straight horizontal 
line in the macular area hut towards the temporal part of the retina the line is wavj and only a; proximateU 
horizontal The macular area appears as an horizontally elongated and a ertically flattened os al coiitammg 
only \ erv minute terminal vascular twigs which do not cross the horizontal meridian On the literal side 
of tl e disc small vessels extend temporally towards the medial end of the macular area A small cil o retinal 
macular twig ra ly pass from the temporal side of the disc towards the inaculi 

Minute twiga from the arterial trunks cm the paj illi arc distributed to its surface * and to the neigh 
bounng retina and small branches on the temporal side which pass towards the macula often emerge 
separate!; The circuiupopillaryrone mar ii oneceneacollateral supplyfrom ciliary vessels Sometimes 
a cilioretmal artery derived as a rule from the scleral ciliary Vessels appears at the temporal edge of the 
papilla, to which it gives twigs and posses tow arils the macular area The arterial branches he in the nerve 
fibre layer of the retina and give off twigs wl irdi form two capillary networks one in the fibre and ganglion 
cell layers tl e second in the inner nuclear layer These are connected by intervening capillaries and the 
inner netw ork is connected with the arteries the outer w ith the veins (Quoin) As a rule no vessels penetrate 
to the outer molecular layer Lymph spaces free from capillaries surround the larger vessels At the ora 
serrata the capillaries are wider than elsewhere and the network simpler so that there is almost a direct 

• In obstnirtjon of Ibo renlraj arlery pallor of tlie disc oec is HnmedtfleJpiod eating fbat floy cii ary ADsilomosuin 
connection witli the d sc has little effect in ma ntain ag or restor ng its vascalanty In certain cases in which the presaure 
in the central retinal artery is low pressure on U e eveball mav stop the blood current m the cap llanea and cause the opt o 
disc to become completely dead n bite m colour 
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flow from the irteries mto the %ein3 The retinal capillan network s espemllj* rich id the roaculir area 
where the thickened gmglion cell Ja\er 15 piriicalarlp lascular At the forea jt«elf there a gap m the 
network about i nun m diameter correoponding to the area in which the inner retinal layers are absent, so 
that the foreal cone< nourished bv the choroid, are direc*Irezpo ed to the light their gangitoa cells depen 
dent on the retinal system Ijeing as it were, pushed aside together with their capillaries The superior 
and m/crior arterial twigs « hich supply this peri(a\eal capilhir network participate approjamately equally 
so that a vascuhr riphe already referred to extends from the temporal periphery to the optic di^c m a 
^onlewh^t undulating course straight m the macular area which it divides honzontalh 

A-Ccording to Salus (360) the fovea or rather foveoia is not always devoid of capillaries and the outer 
layers of the retina receive their nourishment from the retinal artery and not from the choroid 

The retinal arteries are all end arteries without anastomosis and there is no collateral supply excepting 
immediately around the optic p ipiUa Tims the periphery of the vascular distribution corresponds to that 
of the nerve distribution (Figs 2*5 2o7) Complete obstruction leads to ischiemic necrosis oC the nerve fibre 
and ganglion cell layers in the area of the blocked branch though the outer layers remain nourished by the 
choroid It is important to beat the vascular periphery in mind tn connection with the attribution of field 
changes, such as tho«e caused by gniiune or tobacco to vascular causes 

The orbital portion of the optic nerve is supplied by branches of the ophthalmic artetv which leave 
the trunl while it is still within the optic foramen or at the anterior end of the foramen These may be 
divided into two groups — 

The anterior optic nerve arteries enter the nerve «heath along with the central artery of the retina 
Some of rlipse are distributed m the pial «heath whence finer twjgg penetrate along the septa OtJicrs pass 
into the centre of the nerve and supply the septa from the centre outwards As a rale a relatively large 
branch parses a short distance backorards in the centre of the nerve at the point where the central arterv 
turns forwards The region of the lamma cnbfo«a is especially vascular In front of the entrance of the 
central arterv no vessels penetrate the dural <heath 

The posterior arteries of the optic nerve, about (wentv in number pass individually through the durul 
sheath on all «ides and are dutnbuted to the middle and especially the posterior thirds of the nerve 

The optic nerve is entirely «upplied by the«e branches passing through the sheath All twigs of the 
ophthalmic artery or of the central retinal orten which supply the optic nerve are end arteries after thej 
have entered the nerve Anv ana«tomovis there is between them takes place m the sheaths of the nerve 
before they enter its sub<tance 

The veins arc distributed sinulatlv to the arteries with the exception of the central vem which receives 
numerous branches from the anterior and middle thmh of the nerv e 

The arteria centralis tetmm is a branch of the ophthalmic or of a ciliary artery and leav es the ophthalmic 
trunk at the level of the anterior end of the optic foramen together intli small branches destined for the 
optic nerv e It enters the dural sheath ol the nerve in its lower medial quadrant 10 to 15 mm behind the 
eyeball After lying in the subarachnoid space for a abort distance it passes mto the centre of the nerve 
nearlv at a right angle and runs forwards to the retina thus having four bends in its course at this part 
It does not pierce the pial sheath hut carries a prolongation of it into the nerve B'^fore entering the nerve 
it give^ o5 twigs to the nerve but when it has entered n is entirely a retinal arterv and gives off no branches 
and does not contnbute to the nourishment of the nerve until it has reached the region of the lamina enbrosa 
when It gives off a few branches which form a capillary anastomosis with twigs from the circle of 7mn 
(TVolff 474 47o Igersheiiner 203) 

Tlie central vein on the other baud coDeds many branches from the nerve as well as from the retina 
and the region of the lamina enhrosa It emerges nisuallv somewhat nearer the eyeball than the arterv and 
lies for a short distance between the sheaths before piercing the dura It passes directlv to the cavernous 
sinus or opens into the superior ophthalmic vein In the foraminal portion the axis of the nerve is again 
occupied bv a «mall v ein whicli helps to dram the orbital portion and becomm" superficial m the foramen 
passes back'wards to the cavernous sinus (BebrSS Darnel 76) 

\ccording to Beauvieux and Jlistich the central artery gives twigs to the pul sheath of the nerve in 
the lower portion of its orbital part but gives no branches in the region of the lamina cribrO'va which is 
entirely «upplied bv the ciliary arteries The central artery does not anastomose nnj*whetc mth arterial 
branches from otl er sources 

There is a connection through the superior orbital fissnre between the jacnmal artery and the middle 
meningeal and on this account oh truction of the ojditbafmic artery or of the internal carotil does not 
neces.'anly prcwluce tlie appearance of obstruction of the central artery of the retina 

The central artery of the retina or the i^thalmic artery itself mav come from the middle mcnin''eal 
Connections with Ve5.-»el3 of the opposite «ide through the supraorbital dorsal nasal and other branches 
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also ezist <o that the internal carotid may be tied both above and below the origin of the ophthalmic artery 
without affecting the central artery of the retina (See Walsh King, 457 ) 

The chiasma receives branches from the internal carotid, anterior cerebral, and anterior and posterior 
communicating arteries which supply each side as far as the median plane The pial covenng is sbght 
except at the lower and posterior part where the dense vascular networi which surrounds the infundibulum 
occupies the angle between the two structures 

The anterior end of the tract, immediately posterior to the chiasma, is surrounded hy a rich anastomosis 
of fine bnnehes of the anterior choroid, mteraal carotid, anterior cerebral and posterior communicating 
arteries The remainder, up to the lateral genicnlate body, receives branches from the anterior choroid 
artery only These ves<ela pass to the medial side of the tract, between it and the peduncle, and enfold the 
tract which they enter on its superior surface Except at the anterior end of the tract there is no pial 
anastomosis 

Owing to the arrangement of the \es«els it seems probable that pressure on the surface of the optic 
nerve, chiasma, or tract may disturb the nutrition of the underlying fibres by obstructing their vascular 
supply, and that conduction interference and nltimately optic atrophy may he initiated in this way rather 
than by the effects of pressure on the fibres themsehe- 

The anterior and lateral aspects of the lateral geniculate body are nourished by the anterior choroid 
anery the medial, posterior, and most of the central regions of the nucleus receive their blood supply 
from the posterior cerebral artery Branches of the two arteries anastomose on the surface of the nucleus 
The intermediate or macular segment of the nucleus has the richest blood supply, which is drawn from both 
arteries This arrangement favours spanng of the macular projection m cases of arterial obstruction 
(Abbie I, q V for details ) 

Over the gemculate body the entering vessels are more numerous and the pia mater more closely 
attached than over the tract 

Practically the whole of the posterior limb of the internal capsule, including the conunencemest of 
the optic radiation is nourished by the anterior choroid artery the main supply of the optic radiation 
18 from the posterior cerebral artery, especially its calcanoe branch In the most posterior part the viscal 
white matter also receives penetrating twigs from the middle cerebral 

The visual cortex obtains its bIo(^ from the calcanoe artery, and, at the occipital pole, from the middle 
cerebral also so that the macular centre lies on a “ frontier zone,” between the temtories of the posterior 
nod middle cerebrals Tims the macular area may remain unaffected in obstruction of the calcarine artery 
and sparing of the fixation area may result The terminal branches of these two vessels anastomose in the 
pia mater, where they form a rich arterial network which sends in twigs which are end arteries These 
twigs are of two kinds, the long and the short, the former pass to the subcortical nerve fibres, the latter to 
the cortical layers, so that the nutrition of the grey matter is independent of that of the white It is, there 
fore possible for small isolated softenings affecting the subcortical white matter only to occur (Hen'chen) 
Charpy, in Poirier’s “ Anatomy ”, points out that all cerebral arteries, having once entered the brain 
substance are end artene', but the importance of the territorial surface distribution is diminished hy the 
prc'cnce of an anastomotic network in the pia mater covering the convolutions This network is much less 
vascular over the white matter at the base of the brain 

Similarly the veins are apparently end veins, while they are in the brain substance, and do not anasto 
mo®e They open into the pia! venous network whence the efferent v eins, which communicate freely, pa^s 
to the various 8inu«es Hence, thrombosis of the veins, if it occurs, would not be likely to produce the same 
results as arterial obstruction unless the thrombosis were sub pial 


VI. ITses o! the Fenmeter and Screen otherwise than in Field Testing 

In addition to the examination of the visual field, the perimeter can be used for other purposes, which 
are merely enumerated here, as they do not propcrlv fall within the scope of this work 

The perimeter may be H<ed for the estimation of the angle of squint, and the angle betw een the v i«u3l 
and optic axes 

The presence and amount of exophthalmos may be ascertained 

In paraly«is of ocular muscles the field of fixation may be measured on the perimeter and the diplopia 
may be studied on the screen 

The po«ition of the tear or hole m detachment of the retina may be determined 
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VH. TaWes ior Charting from Bjermm’s Screen 

Table I 


Tangonta for (lie construction of tangent scales for Uac with Bjerruni’s screen (ifaddox, 275 ) 


I>rgrpes 

Tangents 

Ihrgrws. 

Tangents 

1 

\ 0 01715 

23 

0 1245 

2 

1 0 03192 

24 

0 1452 

3 

00521 

25 ' 

0 460') 

4 

0 0699 

26 1 

0 4S7T 

5 

OOS74 

27 1 

05095 

0 

OIOjI 

23 

05317 

7 

01228 

29 

0 5513 

8 

01405 

30 

0 5773 

9 

01534 

31 

00009 

10 1 

017G3 

32 

0 6210 

11 , 

01914 

33 

' 0 6494 

12 

0 2125 

34 

0 6T4j 

13 

0 2309 

35 S 

07002 

14 

0 2493 

36 

0 7205 

15 

0 2679 

37 ! 

0 7535 

10 

028^7 

SS 1 

0-ms 

17 , 

0 3057 

39 

0 8095 

18 

0 3219 

40 1 

0 8390 

19 

0 3443 

41 1 

0 8693 

20 

0 3640 

42 ! 

09001 

21 

0 3S33 1 

43 

0 9325 

23 

0 1010 1 

44 

0 9657 


To use the table niultfpl} the dutaoce of the patient from the screen la miliiiaetrcs (radius) b^' (he 
tangent Tliiis,jftbcscrecnjsu.'edat2 000inro,l*»ini>c001745 / 2,OOOmm from the fixation point* 
and 80 on 


Table II 

The i-alues of 8ucces*j\c concentric circles at intenalsof 10 cm round the fixation point on the screen 
(.Itocnnc^ 33G \ 


Diatance from fixation jiqinl 
CentimrlfM 


10 

20 

30 

40 

50 

GO 

“0 

80 

no 

100 

110 

120 


Sxrrcn at I OOO mm 


Semn at 2 OOO b 


5" 43 
n* 19 
16'* 42 
21“ 4n' 

30“ 5S' 

31*59' 

38* 40' 

4I"59 

45 * 

47*43' 

00 * 21 ' 


o* 

5 * 4 r 
8* 32' 
iri9' 
14“ 02' 
16* 42 
19*17' 
21*49' 
21*14' 


28* 49' 
30*58' 


The valuex for distances of 1,200, 2,400 and 2,270 mm. 


also gisen m Koenne's paper 
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